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CHAPTER  I 


INTRODUCTION 

A coiimerclal  Instrument  landing  system  (ILS),  as  depicted  In  Figure  I, 
may  Involve  up  to  seven  equipment  Installations  physically  separated  by  as 
I much  as  six  to  ten  miles.  The  central  controlling  Installation  Is  placed 

at  the  air  traffic  control  tower  (ATCT).  The  remaining  equipment  elements, 

V called  "field  units"  (FU's),  are  located  In  shelters  scattered  about  the 

landing  field  In  question.  In  an  advanced  "Category  Ml"  (CAT  III)  ILS, 

^ Figure  2 Indicates  the  placement  of  the  87  status  and  command  signal  paths 

that  must  be  constantly  maintained. 

('  The  design  of  the  Texas  Instruments/Thomson-CSF  Instrument  Landing 

System  has  Its  strong  and  weak  points.  The  poorest  part  of  the  system  Is 
the  status  and  control  links  between  the  field  units  and  the  control/ 
monitor  panels  at  the  ATCT.  As  designed,  a CAT  III  ILS  uses  over  100 
burled  wires  or  leased  telephone  lines  to  provide  this  communication.  No 
attempt  was  made  to  protect  the  lines  or  the  equipment  attached  to  them 
from  electrical  noise  or  transients.  The  result  can  be  divided  Into  two 
symptoms: 

(1)  Electrical  noise  caused  by  nearby  power  lines  and  even  runway 
landing  lights  Induce  false  alarms  on  the  monitor  lines  and  false 
signals  on  the  control  lines  causing  the  ILS  transmitters  to 
cycle  on  and  off  In  a random  fashion. 

(2)  Electrical  transients  caused  by  nearby  (5  miles  or  less)  light- 
ning strikes  are  again  Induced  on  monitor  and  control  lines, 
damaging  or  destroying  the  equipment  attached  to  them  (the  ILS). 

The  FAA,  realizing  the  potential  danger  to  human  lives  and  seeing  the  ] 

high  maintenance  costs  associated  with  these  problems,  has,  with  the  help  of  ] 
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GEOGRAPHICAL  DIAGRAM  OF  A TYPICAL  ILS  SYSTEM 


FIG.  2 CAT  III  ILS  SYSTEM  INTERCONNECTIONS  — ••A”,  MEANS 
ANALOG  SIGNAL.  WHILE  "D”  REFERS  TO  DIGITAL  SIGNAL 


outside  contractors,  been  searching  for  solutions.  Initially,  this  effort 
concentrated  on  protecting  equipment  already  Installed  from  damage.^ 

The  result  of  this  work  was  a simple  resistor-zener  diode  network 
which  was  applied  to  both  ends  of  every  signal  wire  In  the  ILS.  In  most 
cases.  It  has  prevented  damage  to  the  equipment  and  maintained  Its  servlc- 
ablltty  (the  protection  circuit  does  not  disable  control  or  monitoring 
functions  when  activated  as  a fuse  or  circuit  breaker  would).  This  solution 
does  not  prevent  false  signals  Induced  by  noise. 

A second  contract  provided  for  a broader  scope  of  Investigation,  re- 
quiring both  protection  of  equipment  and  reliable  signalling  through  mod- 
Ificatlon  of  the  circuits  Involved.  This  study  Identified  the  problem, 
the  use  of  unbalanced  DC  signal  wires,  and  suggested  a solution,  the  app- 
lication of  tone-signalling  over  balanced  lines.  A limited,  experimental 
system  was  Installed  at  NAFEC  In  1975  which  replaced  some  of  the  signal 

* Huddleston,  G.K. , Nordgard,  J.D.,  and  Larson,  R.W.  "FAA  Lightning 
Protection  Study;  Lightning  Protection  RequI renjents  for  AN/GRN-27(V) 
Instrument  Landing  System,*'  FAA  Technical  Report  No.  FAA-RD-131,  April 
197^». 

^ Bass,  S.C.  et  al,  "Reliable  Line  Signaling  Techniques  for  the  FAA 
GRN-27(V)  and  CAT-MI  ILS,"  FAA  Technical  Report  No.  FAA.-RD-75-n , 

March  1975. 
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wires  between  the  Inner  Marker  and  ATCT  and  the  Glide  Slope  and  ATCT 
A complete  system  Installation  is  covered  by  this  report. 


m 


During  August  of  1976,  the  authors  Installed  a microprocessor-control  led 
communication  system  for  the  reliable  transmission  and  reception  of  monitor 
and  control  signals  at  the  CAT  III  ILS  currently  operating  on  runway  13  of 
NAFEC,  at  Atlantic  City,  NJ.  In  Figure  3»  we  see  that  the  overall  archi- 
tecture was  that  of  a "star":  All  communication  between  equipment  elements 
was  required  to  Initiate  or  to  pass  through  the  ATCT.  Signals  not  ultimately 
destined  for  the  ATCT  were  simply  relayed  by  the  control  tower  gear. 

Each  signal  path  of  Figure  3 was  a single  twisted  pair  of  wires.  (See 
Chapter  II).  Communication  over  these  lines  occurred  as  a serial  stream 
of  audio  tone  bursts  of  specified  frequency.  As  detailed  In  Section  III, 
a tone  burst  Is  1/300  of  a second  In  length  and  (depending  on  Its  frequency) 
represents  either  a logical  "I"  or  "0".  The  logic  level.  In  turn,  could 
Indicate  the  "on/off"  value  of  a field  unit  status,  o£  could  be  reserved  > 
for  showing  the  up/down  status  of  an  ATCT  cycle  pushbutton,  o£  could  be  a 
single  "bit"  In  a numeric  value  of  a DOM  (differential  depth  of  modulation) 
current  level,  as  expressed  In  units  of,  say,  microamps. 

^ Bass,  S.C.  et  a1,  "Application  of  Balanced  Lines,  Tone  Signaling  and 
Microprocessor  Control  Techniques  to  a Category  III  Instrument  Landing 
System,"  FAA  Technical  Report  No.  FAA-RD-76-24,  February  1976. 

^ Better,  S.E.  et  al,  "Microprocessor-Controlled  Communications  In  an 
Advanced  Instrument  Landing  System,"  IEEE  Transactions  on  Aerospace 


and  Electronic  Systems.  Vol.  AES-I2:6,  November  1976 


INNER  MARKER 


FIG.  3 MICROPROCESSORS  INSTALLED  IN  COMMUNICATIONS  SYSTEM  AT  NAFEC 


Serial  sequences  of  "I's"  and  "O's"  are  assembled  by  microprocessors: 
one  at  each  equipment  location.  See  Chapter  Ml  for  a discussion  of  how 
this  assembly  is  carried  out.  The  actual  translation  of  I's  and  O's  to 
tone  bursts  is  handled  by  a "modem  card."  see  Chapter  IV.  Communication 
between  a microprocessor  (u.p.)  and  a modem  board  is  complicated,  so  we 
make  use  of  an  "Interface  board"  also  described  In  Chapter  IV.  Here  the 
reader  will  find  that  the  interface  electronics  takes  care  of  a number  of 
other  communication  problems  for  the  y.p. 

Using  microprocessors  to  oversee  communications  has  provided  at  least 
one  dividend:  a "friendly"  human  interface  for  reporting  and  Isolating 
problems  that  arise  within  the  communications  equipment  Itself.  These  error 
reporting  procedures  are  described  in  Chapters  VII  and  VIII. 

The  p.p.  at  the  ATCT  "speaks"  to  a human  operator  via  a TV  monitor. 

Such  a versatile  output  device  allows  the  ATCT  communication  system  to  be 
(partially)  self-documenting.  Various  "help"  Information  frames  are  placed 
1 on  the  TV  screen  at  the  operator's  request  In  order  to  teach  operating 

personnel  how  to  read  the  visual  status  displays  provided,  issue  cycle 
commands,  etc.  See  Chapter  VIII  for  more  on  this.. 

Appendix  sections  D and  E are  detailed  descriptions  of  the  y.p.  pro- 
grams used  at  the  ATCT  and  the  field  units.  When  taken  together  with  the 
thoroughly  "commented"  program  listings  provided  elsewhere,  these  appendix 
sections  give  the  user  very  extensive  documentation  of  the  software  used 
throughout  the  system. 

Though  comments  appearing  In  these  pages  will  usually  refer  to  p.p. 
communications  In  ILS's.  It  Is  clear  that  equivalent  benefits  could  be 
derived  from  applications  of  these  techniques  to  virtually  any  other  air 
terminal  navigation  system  requiring  communication  of  large  quantities  of 
Information  over  distances  of  several  miles.  ^ 
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CHAPTER  II 


LINE  PROTECTION 

Reliable  tone  signalling  In  the  presence  of  electromagnetic  Inter- 
ference (due  to  lightning  storms*  power  line  induction*  arc  lamp  discharge* 
etc.)  Is  made  possible  by  the  I ine-to-equipment  Interface  circuitry  shown 
In  Figure  4.  This  circuit  and  the  numerous  noise  Induction  mechanisms 
combated  by  It  are  described  in  detail  In  Chapter  I's  references  2 and  3. 

The  transformer  Is  a Western  Electric  type  120  U.  It  provides  not 
only  large  common  mode  voltage  isolation*  but  also  a "drainage  reactor" 
effect. 

The  Til  317A  three-element  gas  breakdown  device  is  supplied  by  Tele- 
communications Industries*  Inc.  A voltage  on  either  line  wire  that  exceeds 
roughly  125  volts  (to  earth)  will  cause  both  line  wires  to  be  shorted  to 
earth  potential. 

Backblased  diodes  tied  to  power  supplies  on  the  equipment  side  of  the 
transformer  are  the  last  defense  against  voltage  surges  induced  onto  the 
communication  line. 

However*  the  most  effective  protection  from  noise  is  provided  by  the 
use  of  balanced*  twisted  pairs  for  all  long  distance  communication  within 
the  ILS  communication  system.  Figs.  5*’6  show  photos  of  the  line  interface 
gear  Installed  at  NAFEC. 


CHAPTER  III 
SIGNALLING 

Information  Is  passed  between  the  7 microcomputers  In  the  ILS  using 
the  Industry  standard  serial  asynchronous,  full  duplex  frequency  shift 
keying  at  300  baud  over  leased  or  private  two  wire  balanced  lines.  A coding 
scheme  Is  used  to  Insure  that  any  error  which  occurs  In  the  transmission  of 
data  Is  detected.  Error  detection  methods  Include: 

1.  Parity  (odd) 

2.  Redundancy  (bits  within  a frame) 

3.  Multiple  transmission  (repeated  blocks) 

4.  Source/desti nation  Identification 

5.  Systematic  cyclic  code  (cyclic  redundancy  check:  CRC) 

To  facilitate  discussions  of  the  data  format  and  coding  schemes  used 
In  this  system,  we  define  the  following  terms: 

BIT  - an  Item  of  Information  that  can  take  on  only  two  values;  for 
example,  0 or  1,  high  or  low,  open  or  closed,  on  or  off,  etc. 

LSB  - abbreviation  for  least  significant  (numerically)  bit. 

MSB  - abbreviation  for  most  significant  (numerically)  bit. 

SERIAL  - presenting  Information  one  bit  at  a time. 

FRAME  **  eleven  bits  to  be  sent  as  a serial  asynchronous  group  which 
consists  of  a start  bit,  eight  data  bits,  and  odd  parity  bit,  and  a stop 
bit.  Note  that  the  data  bits  are  sent  In  reverse  order,  LSB  to  MSB.  < 


start 

data 

data 

data 

data 

data 

data 

data 

data 

parity 

stop 

bit 

bit  0 

(LSBL 

bit  1 

bit  2 

bit  3 

bit  4 

bit  5 

bit  6 

bit  7 
(MSB) 

bit  (odd) 

bit 

time 


ASYNCHRONOUS  — the  receiver  synchronizes  with  the  transmitter  only 
through  the  use  of  the  start  bit.  No  other  clocking  Information  Is 
available  to  synchronize  the  receiver  and  transmitter. 
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CRC  - A cyclic  redundancy  check  or  systematic  cyclic  code  which  takes 


any  number  of  data  bits  and  creates  nine  check  bits  which  can  be  used  to 
define  more  errors  than  Just  a simple  parity  check. 

BAUD  - synonomous  with  “bits  per  second"  when  referring  to  the  rate 
at  which  serial  binary  transmission  Is  taking  place. 

FREQUENCY  SHIFT  KEYING  (FSK)  — a common  means  for  transmission  of 
discrete  binary  data.  Each  possible  signal  element  Is  represented  by  a 
sinusoidal  oscillation  at  one  of  two  frequencies. 

NARK  the  higher  of  a pair  of  frequencies  used  for  FSK  transmission 
of  binary  Information. 

SPACE  — the  lower  of  a pair  of  frequencies  used  for  FSK  transmission 
of  binary  Information. 

MODEM  — shortened  term  for  modulator-demodulator,  an  electronic 
device  capable  of  transcribing  discrete  Input  data  Into  a form  for 
convenient  transmission  over  a data  channel;  for  example,  conversion  to 
audio  tones  for  transmission  over  telephone  I'Ines.  a modem  can  also 
perform  the  Inverse  operation  of  demodulation  conversion  of  received  tone 
bursts  to  a serial  string  of  binary  data. 

ORIGINATE  MODEM  — a modem  which  transmits  tones  at  1070  hertz  and 
1270  hertz  and  receives  Information  at  2025  hertz  and  2225  hertz. 

ANSWER  MODEM  — a modem  designed  to  work  with  an  originate  modem.  It 
demodulates  signals  received  at  1070  hertz  and  1270  hertz  and  modulates 
at  frequencies  2025  hertz  and  2225  hertz. 

NIBBLE  — a group  of  k bits 

Each  of  the  six  field  units  In  the  ILS  communicates  directly  with  the 
PDP  11/03  minicomputer  at  the  control  tower.  Each  field  unit  contains  one 
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originate  modem;  the  control  tower  has  six  answer  modems.  Information  to 
be  transmitted  from  one  location  of  the  ILS  to  another  Is  translated  into 
bits.  These  bits  are  then  assembled  into  a single  block  which  is  then 
transmitted  using  the  modems  over  the  balanced  line.  There  are  four 
different  block  formats  that  will  be  used  with  I,  k,  7,  and  8 frames  each. 
They  will  be  described  in  detail  later.  Each  frame  will  have  a parity  bit 
added  to  it  as  a simple  error  check.  This  checking  Is  done  by  the  ACIA 
on  the  modem  card.  Any  block  containing  a parity  error  will  be  ignored 
by  the  particular  field  unit  receiving  that  block  and  a request  for  a new 
transmission  will  be  made. 

Each  block  contains  three  bits  which  indicate  the  location  where  the 
message  is  destined  or  the  location  from  which  the  message  came.  These 
three  bits  must  match  the  expected  value  or  the  receiving  microcomputer 
ignores  It. 

Because  of  the  importance  of  the  cycle  command  and  the  necessity 
that  there  be  no  errors  In  Its  transmission  from  the  control  tower  to  a 
field  unit,  the  cycle  command  is  assigned  four  redundant  bits.  There  are 
two  legal  patterns  for  these  bits:  either  a 1010(A)  or  a 0101(5).  The 
receiving  unit  must  see  one  of  these  two  patterns  In  order  for  the  cycle 
command  to  be  accepted.  In  addition,  the  same  pattern  must  be  received 
twice  in  a row.  This  redundancy  guarantees  that  no  false  cycle  command 
will  be  accepted  at  the  field  unit. 

A brief  description  of  the  formats  Is  Included  below. 


FORMAT  A (l  frame/block,  used  5 places:  ATCT  — > GS,  ATCT  — ► FFM,  and 
ATCT  — ^all  markers.)  This  frame  contains  3 ID  bits,  1 ACK/NAK 
bit  (I•ACK,  0>NAK),  and  four  bits  to  represent  the  value  of  CYCLE  (lOlO(A) 
■cycle  pressed,  0101(5)“no  cycle).  It  Is  organized  as  displayed  below: 


MK/ 


CYCLE 


Note:  although  CYCLE  Is  not  required  at  the  FFM,  It  must  be  one  of  the 
legal  values  V(A  or  5)  to  be  accepted  at  the  FFM. 

FORMAT  B (4  frames/block,  used  3 places:  all  markers —♦ATCT.)  All 

multiple  frame  blocks  have  a common  format.  A header  frame  will 
consist  of  0,  followed  by  3 ID  bits  and  A bits  indicating  the  field  unit 
communication  status.  The  leading  0 In  a frame  (MSB)  Indicates  the 
start  of  a block.  All  other  frames  In  a block  will  have  a leading  I In 
the  MSB.  The  header  frame  will  be  followed  by  1 to  6 data  frames  and  two 
trailing  frames.  The  trailing  frames  will  contain  3 bits  for  ACK/NAK 
and  9 CRC  bits.  The  general  format  Is  illustrated  below: 


CRC  computed 
on  these 
frames 


ACK/NAK 


Communication  Status 


MSB  ^ 
0 0 4 CRC- 


1st  frame 


'5  data  frames 


(n-I)st  frame 


nth  frame 
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The  number  In  the  Communication  Status  field  indicates  the  status 


r 


of  the  microprocessor-controlled  tone  signalling  unit. 


Listed  in  order  of 


priority — lowest  to  highest: 


number  message 


explanation 


0 

1 

2 
3 
k 

5 

6 

7 

8 
9 
A 
B 
C 
D 
E 
F 


GO 

DDH  3 

DDM  2 

DDH  1 

ADC 

OVER 

FRAME 

CRC 

PARITY 

RESET 


ID 

NO  DATA 
TONE 
MODEM 
PROM 


system  normal 

A/D  overflow 

no  EOC  or  bad  zero 
overrun  detected  by  ACIA 

framing  error  " ” " 

CRC  error  " " program 

parity  error  " " ACIA 

masks  errors  after  reset 

ID  bits  wrong 
no  data  from  ATCT 
no  carrier  from  ATCT 
problems  with  modem  self  test 
checksum  error 


In  the  ACK/NAK  field,  ACK  - 010  and  NAK  - iOl. 

The  systematic  cyclic  code  (also  known  as  a Cyclic  Redundancy  Check 

or  CRC)  produces  a nine  bit  remainder  which  is  appended  to  the  block 

as  shown.  The  CRC  is  computed  on  the  first  (n-2)  frames  of  an  n frame 

9 4 

block.  The  generating  polynomial  is  x x +1.  This  code  will  detect: 
• 2 errors 


* bursts  9 bits  in  length  or  less 

* 33. 6%  of  all  10  bit  long  bursts 

* 99.8%  of  all  bursts  longer  than  10  bits 


The  code  is  a shortened  cyclic  (47,  38)  Hamming  code. 

The  single  data  frame  of  Format  B will  appear  as  follows: 

MSB LSg 


ABN 

P/E 

1 

1 

ABN 

MON 

ID 

RF 

OFF 

STBY 

MAIN 

Closed  relay  contacts  will  be  represented  by  a "I"  bit, 
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FORMAT  C (7  f ratnes/block,  used  2 places:  LOG— ^ATCT  and  GS  ATCT.) 


The  data  frames  will  appear  as  follows: 


MSB  LSB 


I 

P/E 

AlN 

HON 

CAT  2 

CAT  3 

OFF 

STBY 

MAIN 

1 

SENS 

CSE 

NFM 

CL  1 

ID  1 

SENS 

CSE 

2 

2 

1 

G 

I 

1 

1 

CL  3 

ID  3 

SENS 

CSE 

NFM 

CL  2 

ID  2 

G 

3 

3 

2 

0 

1 

TEMP 

BAT 

STBY 

STBY 

STBY 

STBY 

NFM 

CL 

Cj) 

SENS 

CSE 

Notes 


Localizer  only,  GS>1 
Glide  slope  only,  L0C"l 


Closed  relay  contacts  will  be  represented  by  a "I"  bit. 
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FORMAT  0 (8  frames/block,  used  from  FFM  to  ATCT  and  from  ATCT  to  LOC) 

These  data  frames  are  organized  to  facilitate  the  easy  transmission 
of  data  from  the  FFM  to  LOC  through  the  ATCT.  Data  from  the  FFM  to  the 
^TCT  Is  picked  off  at  the  ATCT  and  replaced  by  the  CYCLE  value  to  be  sent 
to  the  LOC.  Hence,  no  reformat  I ng  of  the  data  Is  necessary  at  the  ATCT. 
The  FFM  field  unit  status  Is  sent  to  the  LOC  so  that  A/0  conversion  errors 
may  be  properly  treated  at  the  D/A's. 

In  summary,  the  ATCT  makes  the  following  changes  to  the  block 
received  from  the  FFM  before  retransmitting  It  to  the  LOC: 
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1)  Changes  the  ID  bits  from  "6"  (FFM)  to  "1“  (LOC). 

2)  Inserts  the  CYCLE  value  (A, 5)  In  the  lower  nibble  of  the  second 
data  frame,  replacing  values  for  BAT,  CSE  3,  CSE  2,  and  CSE  I. 

3)  Places  the  correct  ACK/NAK  value  In  the  seventh  frame  and  recom 
putes  the  CRC. 

The  data  frames  for  Format  D will  be  organized  as  follows: 


■ 

rSTT 

3T? 

QSid 

BYPASSED 

■ESI 

MIS- 

MATCH 

SHUT- 

DOWN 

ALERT 

■ 

m 

DDH  2 

SIGN 

DOM  3 

SIGN 

BAT 

ft) 

CSE 

rFj 

CSE 

■ 

B 

(msbT 

OOM  1 

Magnitude 

T -1 

~^(LSB) 

B 

T T 1 III 

B 

1 >- > 1 1 

Note:  (J)  These  bits  replaced  by  CYCLE  information  at  the  ATCT  to  be 


sent  to  the  LOC. 


1 

I 


1 


j 


1 

The  DOH  values  are  coded^  Into  an  eight  bit  binary  sign-magnitude 
representation.  The  sign  bit  Is  zero  for  positive  values,  one  for 
negative.  The  seven  bit  binary  magnitude,  when  multiplied  by  8 millivolts, 
equals  the  voltage  magnitude  present  at  the  A/D  card  analog  Input.  If 
the  voltage  Is  divided  by  5KI  Idl,  the  result  Is  the  DDH  reading  In 
micro-amperes. 


The  CRC  code  Is  computed  using  moduIo-2  division.  Notice  the 


simlllarlty  between  modulo- 2 subtraction  and  the  exclusive-or  operation 
below: 

ModuIo-2  Exclusive-Or 


0-0-0 

0 - I - I 

1 - 0 - I 

I - I - 0 


0 f 0 - 0 

0 « I - I 

1 • 0 - I 
I f I - 0 


When  computing  the  CRC,  the  dividend  Is  formed  by  concatenating  the  data  i 

1 

frames  into  a single  binary  number.  The  divisor  Is  lOOOOIOOOI.  The 
desired  result  Is  the  nine  bit  remainder,  which  Is  the  CRC  appended  to 
the  end  of  the  multiple  frame  blocks. 

As  an  example,  we  wll I compute  the  normal  message  from  the  Inner 
Marker  to  the  ATCT.  This  Is  Format  B from  above  with  ID  bits  equal  to 
Oil,  ACK/NAK  - 010,  Communication  Status  - 0000,  the  ABN's  - I,  Main  - 1, 
and  the  remaining  three  status  bits  - 0.  The  first  two  frames  on  which 
the  CRC  Is  computed  then  look  like  this: 


MSB 1^ 


0 

0 

I 

I 

0 

0 

0 

0 

I 

I 

I 

1 

0 

0 

0 

I 
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The  long  division  required  to  compute  the  CRC  remainder  using  module  2 
subtraction  looks  like  this: 


QOIIOOO 

I 00001 0001  )0011000011110001 

I 0000 I 000 I 
0100011  hboool 
1000010001 
0000101 101001 


The  remainder  Is  then  I0I10I00I.  The  final  two  frames  of  the  Format  B 
block  are  now: 


MSB  LSB 


1 

0 

1 

0 

0 

0 

1 

0 

1 

1 

1 

0 

1 

0 

0 

1 

I- 


f- 


20 


■'4 


CHAPTER  IV 
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COMMUNICATION  HARDWARE  AT  A FIELD  UNIT 

A block  diagram  of  each  of  the  field  units  Is  shown  In  Fig.  7.  All 

of  the  field  units  communicate  with  the  control  tower  In  the  same  way,  but 

they  differ  In  how  they  process  the  ILS  status  signals.  For  example, the 

far  field  monitor  (FFM)  requires  an  A/D  board  to  convert  the  DDM  signals 

Into  digital  words  suitable  for  transmission  by  the  modems.  The  localizer 
requires  a D/A  board  to  convert  the  digital  words  representing  DDM  voltages 
Into  analog  voltages.  The  localizer  and  glide  slope  also  require  a board 
to  multiplex  Incoming  status  signals  from  the  ILS  to  the  Interface  (l/F) 
card.  Throughout  this  discussion,  the  words  board  and  card  will  be  used 
interchangably.  They  mean  the  same  thing. 

A.  Description  of  the  Operation  of  MODEM  and  l/F  Cards 

The  Interconnection  of  modem  and  Interface  cards  required  for  trans- 
mission and  reception  of  FSK  tones  Is  shown  In  Figure  8.  Microprocessor 
control  lines  are  loosely  divided  Into  two  groups.  One  group  Initializes 
the  modem  board  and  one  group  controls  the  normal  operations.  Normal 
operation  Includes  the  transmission  and  reception  of  binary  data,  and 
other  tasks  such  as  communicating  with  the  ILS  equipment,  and  other  cards 
In  the  system. 

The  microprocessor  uses  the  Interface  card  to  write  and  read  data  to 
and  from  the  modem  card.  At  the  field  units,  the  microprocessor  uses  the 
Interface  card  to  write  to  the  seven-segment  display  on  the  front  panel; 
and  read  the  data  from  the  relays  In  the  ILS  equipment,  in  addition,  the 
Interface  card  provides  watch-dog  reset  lines  to  the  microprocessor.  Al- 
though one  Interface  card  will  service  any  of  the  locations,  a modem  card 
Is  required  at  each  end  of  any  balanced  pair  In  the  system. 
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At  the  field  units  one  modern  card  and  one  l/F  card  are  used.  At  the 
control  tower,  one  l/F  card  and  six  rmdem  cards  are  used.  Both  the  Inter' 
face  card  and  the  modem  card  may  be  used  Interchangeably  anywhere  In  the 
system. 


TELEPHONE 

CABLE 


(a)  (b) 


TELEPHONE 

CABLE 


(c)  (d) 

Figure  7 Field  Unit  Communication  Hardware  Block  Diagrams: 

(a)  Inner,  outer,  middle  markers;  (b)  Glide  Slope; 

(c)  Localizer;  (d)  Far  Field  Monitor 
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INTEItltUI’T  REWEST 


INTERCONNECTION  OF  l/F  CARD  AND  MODEM  CARD 


! 


! 


I 


I.  Generic  Types  of  Coimnands  used  by  the  Microprocessor: 

The  microprocessor  coimnands  may  be  separated  Into  one  of  four  groups. 
These  are:  (1)  Initializing  the  modem  card,  (2)  reading  and  writing  data 
via  the  b I -direct Iona I data  bus  entering  the  modem  card,  (3)  reading  and 
writing  data  not  used  by  the  modem  card,  (4)  resetting  the  watchdog  circuit, 
refreshing  the  seven-segment  display,  and  activiting  the  cycle  relay.' 
(1)  Initializing  the  modem  requffes  setting  the  modem  card  memory  elements 
internal  to  the  ACIA  (HC6850L)  and  the  3^04  register.  The  stores  the 
ANS/ORIG,  ST,  FO/CAR  control  line  values  when  modem  control'  '•  RS  makes  a 
low  to  high  transition.  (See.  Fig. 10  , the  modem  card  schematic.) 

Where 


ANS/ORIG  - I 
0 

ST  - 1 
0 

FO/CAR  - I 
0 


answer  modem 
originate  modem 
self  test  mode 
normal  operation 
normal  operation 

The  FO  output  of  the  6860  Is  used  to 
establish  handshaking  during  an  originate 
modem  self  test  operation 


(2)  To  read  or  write  Into  the  status  and  control  registers  of  the  ACIA 
chip  on  the  modem  card,  the  microprocessor  must;  (I)  select  the  modem  using 
bits  I*,  5,  6 of  the  address  line;  (2)  set  R/W  and  REG  SELECT  according  to 
Table  I;  (3)  prepare  the  output  ports  (for  a write  command)  and  (4)  apply 
a low  to  high  transition  to  the  "MODEM"  control  line  on  the  l/F  card.  After 
a read  comnand,  "MODEM"  must  remain  high  until  the  data  Is  read  by  the  micro' 
processor.  The  control  and  status  registers  are  defined  In  Table  1. 
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Table  1 


f 


Selection  of  ACIA  Registers 


R/W 

0 

0 

1 

I 


REG  SEE 

0 Write  to  transmit  data  reg 

1 Write  to  control  reg 

0 Read  re  data  reg 

1 Read  status  reg 


The  steps  used  for  reading  and  writing  to  the  receive  and  transmit 
registers  are  the  same  as  those  outlined  for  the  control  and  status  registers. 
The  difference  Is  the  value  of  the  REG  SELECT  line, 

(3)  The  Interface  card  handles  data  from  the  I LS  relays,  the  front  panel  In 
field  units,  the  cycle  pushbuttons  at  the  control  tower,  an  Internally 
generated  4 Hz  clock, and  ID  straps  for  field  unit  use.  These  bits  are 
multiplexed  along  with  the  data  bits  from  the  modem  card.  The  microprocessor 
selects  the  source  of  Information  according  to  the  following  truth  table. 


MODEM 

0 

0 

I 


SELECT  (bit  4 of  address  line) 


SOURCE 


0 

I 

X 


I LS  relays  or  cycle  switches 

AHz  clock/ id  straps/thumbwhebi 
switch  on  front  panel 
Data  bits  from  the  modem  card 


X ■ don't  care  (0,1) 


(4)  The  microprocessor  uses  address  bits  4,  5,  and  6 to  activate  the  cycle 
relay,  and  reset  the  watchdog,  and  write  to  the  seven-segment  display  on  the 
front  panel  at  the  field  units.  A "Oil"  on  bits  4,  5,  6 will  reset  the 
watchdog  circuit  and  write  the  output  data  bits  tothe  seven-segment  display 
on  the  front  panel.  A "III"  on  bits  4,  5,  6,  will  activate  the  cycle  relay 
to  simulate  a pushbutton  switch  closing. 

Some  additional  Informat-'on  Is  provided  In  Chapter  VI.  See  Table  2. 
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X 

o 

o 

X 

•- 

H 

H 

3 

X 

O 

o 

UJ 

o 

« *■> 

1- 

ui 

u u 

3 

X 

</> 

— « 

Q. 

liJ 

> — 

h- 

o 

o 

« « 

3 

o 

UJ 

o u> 

O 

X 

oe 

CD 

SO  U\  ^ 

4^ 

u 

A A ® 

2 1 o 

CM 

o 

0 

0 

0 

0 

0 

0 

0-5  (1) 

1 

0 

0 

1 

0-5  (1) 

1 

0 

0 

0 

0-5  (1) 

1 

0 

1 

1 

0-5  (1) 

1 

0 

1 

0 

z 

0-5  (I) 

1 

1 

X 

X 

6 

X 

X 

X 

X 

X 

6 

X 

X 

X 

X 

X 

7 

X 

X 

X 

X 

z 

1 - 3 

0 

0 

0-1 

0-1 

0 

even 

0 

0 

X 

X 

0 

odd 

0 

0 

X 

X 

X 

2 

X 

X 

X 

X 

X 

3 

X 

X 

X 

X 

X 


don't  care  (0,1) 


Z ■ constant  or 


OPERATION  1 

" I 

■I 

NOP  (No  operation) 

Read  AC  I A control 

Write  ACIA  control 

Read  rec.  buffer 

Write  xmlt.  buffer 

Write  modem  control 

Watchdog  reset 

load  7~segment 

Latch  cycle  FF 

Relay  latches 

Read  ILS  switches 

Read  clock,  straps, 
and  thumbwheel  switch 

Start  conversion 

Load  HUX  select 
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2.  Transmission  and  Reception  of  Data 

Digital  data  Is  sent  and  received  via  the  S-blt,  bI>dlrectIonal  trl-state 
data  bus  at  the  Input  of  the  ACIA,  a Motorola  MC6850.  The  b I -direct Iona  I 
data  bus  Is  also  used  by  the  ACIA  for  Initialization  of  the  chip  and  for 
examination  of  Its  status  registers.  The  trI-state  feature  allows  several 
modem  cards  to  share  the  same  data  bus.  (See  Fig.  lO). 

The  ACIA  converts  the  8 data  bits  from  the  data  bus  Into  a serial  stream 
of  data  complete  with  a start  bit,  parity  bit,  and  stop  bit.  The  serial  I's 
and  O's  are  converted  to  mark  and  space  FSK  binary  signals  by  a modem  chip,  a 
Motorola  MC6860.  Similarly,  binary  mark  and  space  data  received  by  the  modem 
chip  Is  demodulated  to  digital  I's  and  O's  and  converted  back  to  parallel 
form  by  the  ACIA.  The  data  rate  Is  300  baud. 

Transmission  and  reception  of  binary  data  Is  simultaneous.  This  Is 
accomplished  by  using  two  different  sets  of  mark/space  frequencies  and 
allowing  only  modems  with  compatible  frequency  assignments  to  communicate. 

The  frequency  assignments  are  as  follows: 

MODEM  TRANSMIT  FREQUENCY  RECEIVE  FREQUENCY 


ASSIGNMENT 

MARK  (HZ) 

SPACE  (HZ) 

HARK  (HZ) 

SPACE  (HZ 

ORIGINATE 

1270 

1070 

2225 

2025 

ANSWER 

2225 

2025 

1270 

1070 

In  order  to  separate  these  frequencies  and  to  service  the  modem,  transmit 
and  receive  filters,  buffers  and  limiters,  and  a duplexer  are  needed  to  com- 
plete the  modem  card.  Also  Included  Is  a "self  test  mode"  switching  capa- 
bility. This  Is  shown  In  Figs.  9 and  <10  . 

Before  two  modems  may  communicate  over  a channel,  they  must  establish  that 
their  carriers  are  being  received.  This  Is  referred  to  as  handshaking.  The 
Initial  handshaking  consists  of  the  answer  modem  sending  a 2225  Hz  carrier  to 
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19.2 


FIG.  9 MODEM  CARD  BLOCK  DIAGRAM 


MODEM  CARD 


I 

! 


I 


the  originate  modem.  150  ms  after  receiving  the  answer  carrier,  the  originate 
modem  Is  enabled.  450  ms  after  receiving  the  2225Hz  carrier,  the  originate 
modem  sends  Its  1270  Hz  carrier  down  to  the  answer  modem.  This  unclamps  the 
receiver  and  allows  data  to  be  demodulated  by  the  answer  modem.  At  this 
point,  both  modems  may  receive  data.  450  ms  after  receiving  the  1270  Hz 
carrier  CIS  goes  low  and  d ta  presented  to  the  answer  modem  Is  transmitted. 

750  ms  after  receiving  the  2225  Hz  carrier,  the  CTS  goes  low  at  the  originate 
modem  and  It  too  may  transmit  data.  This  completes  the  handshaking  procedure. 

Once  handshaking  Is  established,  the  modems  are  able  to  send  and  receive  the 
serial  FSK  data.  The  transmission  and  reception  of  this  data  Is  controlled 
by  the  microprocessor- Interface  card  commands.  The  address  line  values  needed 
to  control  the  modem  card  are  summarized  In  Table  2. 


3.  Modem  Card  Description: 


The  modem  card  Is  designed  around  the  HC686OL  modem  chip  (see  Figs.  9 
and  10).  The  MC685OL  ACIA  provides  the  modem  chip  with  a paral lel'serlal 
Interface  to  handle  the  flow  of  digital  data.  The  buffer,  transmit  filter, 
duplexer.  receive  filter,  and  I Iml ter/threshold  detector  process  the  FSK 
analog  signals  used  by  the  modem.  The  -2.5v  supply  Is  used  to  create  an 
analog  signal  ground  reference.  The  INTEL  3k0k  latch  stores  control  signals 
that  establish  the  mode  of  operation.  The  remaining  logic  and  discrete 
components  are  used  during  the  self-test  mode  of  the  modem  card. 

The  irr.  'SR’  Inputs  on  the  modem  chip  establish  the  modem  as  an  answer  or 
an  originate  modem.  The  ^ Input,  when  low.  puts  the  modem  In  a self-test 
mode.  The  self-test  mode  has  the  modem  chip  demodulating  the  same  frequencies 
that  It  sends.  The  "MODE"  output  Is  a test  point  used  as  a signal  for 
switching  between  answer  and  originate  mode  during  a self-test  and  for  de- 
bugging the  modem  card.  The  table  below  shows  the  relation  between  these 
signals. 

ST  SH  MODE  T, 

H L H H (orig) 

H H L L (3ns)  H - LOGIC  HIGH 

L L H L (orIg)  L - LOGIC  LOW 

L H L H (ans) 

The  modem  chip  receives  digital  data  from  the  ACIA  at  the  TXOATA  Input 
and  sends  the  ACIA  digital  data  over  the  RXDATA  line.  CTS  and  DTR  are  used 
by  the  modem  chip  and  the  ACIA  to  signal  they  are  ready  to  transmit  and 
receive  data. 

The  TXCAR  output  of  the  modem  chip  Is  the  FSK  tone  to  be  sent  down  the 
burled  cable.  The  tone  Is  generated  by  an  A/0  converter  from  a sine-lookup 
table  (both  Internal  to  the  modem  chip).  The  buffer  Is  used  to  prevent 
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loading  of  the  TXCAR  output  and  to  reduce  the  signal  amplitude  before  It 
enters  the  transmit  filter.  The  transmit  filter  Is  a bandpass  filter  whose 
center  frequency  Is  determined  by  straps  on  the  edge  connector.  When  the 
straps  are  left  open,  the  originate  frequencies  are  passed.  When  the  straps 
are  tied  to  >2.5VDC  (analog  ground),  then  the  answer  frequencies  are  passed. 

The  filter  passband  has  a typical  gain  of  10.  The  duplexer,  under  Ideal 
loading,  will  reduce  the  transmit  filter  output  by  1/2  which  results  In  an 
output  of  -6dBm  (600  ohms). 

h Signals  received  by  the  modem  card  are  passed  to  the  receive  filter  from 

|i 

J the  duplexer  Input  with  an  effective  gain  of  ,3  (nominally).  The  receive 

I filter  Is  a bandpass  filter  whose  center  frequency  (CF)  Is  determined  by  the 

mode  output  and  the  ans/orig  setting.  During  a self-test  mode  the  CF  shifts 
to  that  of  the  transmitter  on  the  card.  Normally  the  CF  Is  that  of  the  modem 
transmitter  at  the  other  end  of  the  line.  The  sine-wave  output  of  the  receive 
filter  Is  limited  by  the  LM3II  comparator.  The  square  wave  output  of  the 
LH3II  Is  received  by  the  modem  chip's  RX  CAR  Input. 

The  modem  chip  measures  the  time  between  transitions  on  this  square  wave 
Input  and  decides  whether  Its  frequency  Is  that  of  a mark  or  a space.  This 

I 

i 

decision  Is  constantly  updated  with  each  new  transition.  Because  of  the  type 
of  demodulation  employed,  restrictions  are  placed  on  the  duty  cycle  of  the 
limited,  filtered  tone  and  on  the  slew  rate  of  the  comparator. 

Two  types  of  error  are  present  In  the  demodulator  used  on  the  modem  chip. 

I These  are  phase  Jitter  and  bias  distortion.  Phase  jitter  occurs  when  a mark 

to  space  (or  vice  versa)  transition  occurs.  According  to  when  the  transition  ^ 
takes  place,  the  demodulator  may  erroneously  decide  mark  after  the  space  Is 
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present.  Bias  distortion  results  when  a demodulator  decision  Is  biased  In 
favor  of  mark  over  space  (or  space  over  mark).  This  distortion  Is  the  result 
of  the  mark/space  decision  point  existing  somewhere  between  the  two  periods.* 
From  this  discussion  It  should  be  clear  that  the  group  delays  of  the 
transmit  and  receive  filters  should  be  as  small  as  possible  to  minimize  these 
distortions.  Figure  1 1 (b) M lustrates  the  phase  Jitter  and  bias  distortion 
seen  on  an  oscilloscope  for  the  case  of  two  modems  operating  full  duplex  with 
filters  electronically  switched.  Table  3 summarizes  lab  tests  done  using 
two  modems  tied  directly  to  each  other  (FO  output  of  one 

Table  3 Summary  of  Modem  Chip  Test  Results 


1.  Ideal  case: 

2.  With  limiter: 

3.  With  f I Iters, 
limiter,  duplexer 
straps  on  filters 

4.  Same  as  (3)  with 
electronic  switching 


,2ms 

,2l*ms 

Ms  (ANS) 
.35ms  (ORIG) 


.kSrns  (ANS) 
.35ms  (ORIG) 


.1ms,  HARK 
.1ms,  HARK 

.6ms,  MARK  (ANS) 
.8ms,  SPACE  (ORIG) 


.Asms,  HARK  (ANS) 
.8ms,  SPACE  (ORIG 


modem  Into  the  RXCAR  Input  of  the  other  as  shown  In  Fig.  11  (a))  as  the  Ideal 
case,  and  using  two  modems  with  filters  In  between.  It  Is  found  that  the 
Ideal  case  gives  the  AC  I A a l.kSms  safety  margin  and  the  addition  of  filters 
reduces  this  safety  margin  to  .9ms.  This  safety  margin  represents  the  worst 
case  time  Interval  between  the  bit  center  chosen  by  the  ACIA  and  the  beginning 
of  the  next  bit.  The  Jitter  and  distortion  added  by  the  channel  are  not  con- 
sidered In  this  safety  margin  since  there  was  no  data  available  during  the 
tests.  However,  to  protect  against  such  errors,  the  ACIA  has  several  different 
error  detection  mechanisms  which  will  be  discussed  shortly. 

^Actually  It  Is  nominally  set  to  be  half  way  between  the  two  periods. 
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The  logic  between  the  LM31I  output  and  the  RX  CAR  Input  Is  used  for  the 
self  test  of  an  originate  modem.  If  handshaking  has  not  been  established, 
then  the  TXCAR  output  of  an  originate  modem  Is  not  present.  For  this  reason, 
the  modem  Is  first  made  to  handshake  with  Itself  as  an  answer  modem  being 
self-tested,  and  then  switched  to  an  originate  modem  which  Is  also  self- 
testing. The  carrier  will  now  remain  on  and  the  self-test  may  continue. 

Note  that  no  provision  is  made  to  switch  an  originate  transmit  filter  to  an 
answer  filter  during  a self-test.  Instead  the  FO  output  (during  answer 
mode)  of  the  6860  is  steered  directly  back  Into  Its  own  RX  CAR  Input  to 
establish  handshaking.  Once  handshaking  Is  established,  then  the  originate 
carrier  Is  sent  through  the  transmit  filter  and  self-testing  is  continued  In 
a normal  fashion. 

The  TO  Input  to  the  modem  chip  is  used  to  signal  the  presence  or  absence 
of  the  carrier.  It  Is  only  required  to  go  to  a low  level  once  every  30  ms. 

The  duration  of  this  low  level  may  be  as  short  as  I ys.  If  TO  should  fall 
CO  go  low  after  30ms,  then  the  CTS  output  of  the  modem  goes  high  signaling 
the  AC  I A that  loss  of  carrier  has  occurred.  The  reference  level  used  to 
decide  when  the  carrier  Is  present  Is  VREF.  It  Is  set  to  50  mV  with  respect 
to  the  -2.5v  analog  ground,  and  It  represents  the  signal  level  of  a -30  dBm 
(600  ohm)  signal  entering  the  duplexer.  The  VREF  level  may  be  varied  by 
adjusting  the  lOOK  pot  In  the  base  circuit  of  the  2N2907A.  The  circuit 
generating  VREF  Is  designed  to  track  variations  In  the  -2.5v  supply. 

The  ACIA  handles  the  Interfacing  of  the  modem  chip  with  the  8 bit  data  bus. 

The  300  baud  data  rate  used  by  the  ACIA  Is  established  by  the  I9.2KHZ  square 
wave  oscillator.  The  8 bits  of  data  presented  to  the  ACIA  for  transmission 
is  formatted  as  was  described  In  Chapter  II.  The  ACIA  adds  the  start  bit  (which  Is 


always  a mark)  a parity  bit,  and  a stop  bit  (which  Is  always  a space). 
ThI:  serial  string  Is  presented  to  the  modem  which  converts  the  marks 
and  spaces  to  FSK  tones.  Similarly,  the  ACIA  receives  serial  data  from 
the  modem  chip.  When  a mark  to  space  transition  Is  detected  by  the  ACIA, 
It  automatically  waits  1/2  a bit  duration  from  the  transition  time  and 
starts  sampling  In  I bit  duration  Intervals.  This  will  Ideally  result 
In  sampling  the  center  of  each  bit.  Both  the  transmitter  and  the 
receiver  are  double  buffered  so  that  new  data  will  be  processed  while 
old  data  is  being  sent  or  received. 

A false  start  bit,  that  is  a glitch  that  Is  too  short  to  be  a true 
start  bit,  is  deleted  by  the  ACIA.  The  ACIA  will  also  sense  framing 
errors  caused  by  Improper  placement  of  the  stop  bit  or  start  bit,  and 
parity  errors  In  the  data  sent.  If  frames  are  sent  so  quickly  that  a 
frame  is  lost  before  the  microprocessor  can  read  it,  then  the  ACIA 
signals  a receiver  overrun  error.  Also  the  ACIA  will  Indicate  the 
status  of  CTS  and  DTR,  and  the  status  of  the  transmitter  data  register 
and  the  receiver  data  register.  This  information  Is  available  to  the 
microprocessor  In  the  ACIA's  status  register.  An  Interrupt  request 
Is  used  by  the  ACIA  to  Indicate  to  the  microprocessor  the  reception 
of  a new  frame  or  the  loss  of  carrier.  The  microprocessor  may  program 
the  ACIA  to  give  an  interrupt  signal  only  under  certain  situations. 
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Troubleshooting  the  Modem  Card: 

There  are  twelve  test  points  availabe  on  the  modem  card  to  aid  In 
trouble-shooting  the  card.  These  points  are  listed  In  Tabled  and  shown 
on  the  modem  card  schematic.  Once  It  has  been  determined  that  a card  Is 
bad  by  replacing  It  with  a spare,  a procedure  for  testing  the  card  Is  needed. 
Many  problems  may  be  diagnosed  using  the  following  procedure: 

(1)  Put  the  card  on  an  extender  board  In  the  RC  box.  This  will 
require  switching  one  line  back  to  DC  signalling  until  the  testing  Is  over. 

(2)  Check  the  supplies  for  +5t  -10,  -2.5  VDC  and  check  the  l9.2KHz 
clock  output.  A bad  +5  or  -10  volts  supply  reading  may  Indicate  a shorted 
capacitor.  A bad  -2.5VDC  reading  Indicates  either  the  5^0  operational 
amplifier  Is  bad  or  a capacitor  In  that  circuit  Is  at  fault.  If  the 
I9.2KHZ  oscillator  doesn't  work,  remove  the  6850  ACIA  chip  to  see  If  It 
Is  loading  down  the  oscillator.  Replace  the  appropriate  chip. 

(3)  Halt  the  POP  11/03  In  the  self-test  mode  and  look  for  a hand- 

shaking Indication.  If  there  Is  handshaking,  then  the  problem  may  be 
difficult  to  locate.  Trace  through  the  analog  section  of  the  board  to 
see  If  anything  Is  obviously  wrong.  Also  check  voltages  on  the  transistor 
switches  to  see  If  any  of  them  are  faulty.  As  a final  suggestion,  replace 
the  ACIA  chip.  * 

If  there  Is  no  handshaking  then  the  problem  should  be  more  easily 
Isolated.  First  check  the  LED  to  assure  It  Is  working  properly.  Then 
check  sir,  Tf  and  MODE  on  the  6860  modem  chip  for  "0",  "I",  "0",  and  "I" 
respectively.  If  TT,  STT,  ST  are  wrong,  then  either  the  ikOk  latch  or  a 
chip  driving  Its  Wj  Input  Is  bad.  If  MODE  Is  wrong,  then  the  6860  chip 
Is  bad.  Also  check  DTR  for  a low. 
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If  these  signals  are  fine,  then  the  problem  lies  In  the  modem  chip 
or  Its  analog  circuitry.  Look  at  FO  (TPI)  to  see  if  the  carrier  square 
wave  Is  present.  If  not,  replace  the  6860.  If  FO  Is  present,  then  check 
Its  frequency  for  2225Hz.  Follow  the  TXCAR  modem  output  around  through 
the  duplexer  and  back  to  the  RX  CAR,  TO  Inputs.  If  the  problem  appears 
to  be  In  the  receive  filter  or  duplexer,  also  check  their  transistor 
swi tches. 

TABLE  k MODEM  TEST  POINTS: 


TP  I FO  SQUARE  WAVE  CARRIER 

2 TRANSMIT  CARRIER,  SINUSOID 

3 FILTERED  TRANSMIT  CARRIER 

4 SECONDARY  OF  LINE  TRANSFORMER 

5 DUPLEXER  OUTPUT  TO  THE  RECEIVE  FILTER 

6 FILTERED  RECEIVE  CARRIER 

7 LIMITED  RECEIVE  CARRIER 

8 THRESHOLD  DETECT  SIGNAL 

9 NOT  USED 

10  "MODE"  OF  6860  CHIP 

11  -2.5VDC 

12  VREF  FOR  TD”  CIRCUIT 
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INTERFACE  CARD  DESCRIPTION; 

The  Interface  card  Is  a collection  of  many  small  circuits  each  controlled 
by  the  microprocessor.  The  truth  table  and  purpose  of  many  of  the  circuits  are 
E described  In  the  section  on  microprocessor  commands  or  In  the  element  data 

sheets.  Fig.  12  Is  a block  diagram  of  the  l/F  card«and  Fig.  13  Is  its  schematic. 

The  l/F  circuitry  used  fn  communicating  with  the  modem  card  Is  the 
3205  1~out~t)f“8  binary  decoder,  the  3216  bl -directional  buffers,  and  their 
output  circuitry,  and  the  7^123  retriggerable  one-shots. 

The  3205  decoder  will  present  a "0"  on  the  output  selected  by  Inputs 
AO,  AI,  A2,  and  a "1"  on  all  other  outputs.  Six  of  these  outputs  are  for  the 
CS2  Input  of  modem  cards.  The  remaining  outputs  are  used  for  activating  the 
cycle  relay  and  resetting  the  watchdog  circuit. 

The  3216  bl-directlonal  buffers  Interface  the  Input  and  outputs  ports 
of  the  microprocessor  with  the  bl-directlonal  bus  at  the  ACIA  Input.  The  R/W 
command  determines  whether  information  Is  read  In  or  written  out.  The  buffer 
outputs  are  automatically  stored  In  the  7^17^  and  3^04  latches  when  an  ACIA 
output  Is  read.  These  latches  may  be  read  by  the  microprocessor  at  a later 
time.  The  7^153's  are  used  to  select  the  inputs  desired  by  the  microprocessor. 
The  following  truth  table  defined  their  operation. 

Data  Selected 

Modem  card  data  bits 

ILS  relays/switches 

4Hz  clock/ID  strap/ 
thumbwheel  switch 


Select  (Address  bit  k) 
Don't  care  (0,1) 

0 

1 


TRUTH  TABLE 
MODEM  (Address  bit  7) 
1 
0 
0 
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ADDRESS  , (ELECT 


REWYS/SWITCHE^S  CYCLE  LINES 

/F  CARD  BLOCK  DIAGRAM 


INTERFACE  CARD  SCHEMATIC 


The  7^123's  provide  the  ACIA  with  the  ENABLE  pulse  whenever  a low  to 
high  transition  on  the  "HODEH"  controi  line  occurs.  The  ENABLE  pulse  has 


a certain  delay  and  duration  in  order  to  meet  the  ACIA's  specifications. 

The  falling  edge  of  the  ENABLE  pulse  will  clock  the  output  of  the  3216  into 
the  7^17^  and  3^0A  registers. 

The  NE555f  7493*  and  associated  circuitry  are  used  to  reset  the  micro- 
processor automatically  If  sufficient  time  has  passed  before  a reset  watch- 
dog command'  is  Issued  by  the  microprocessor.  This  protects  against  the 
microprocessor  becoming  trapped  in  a program  loop.  The  reset  command  will  be 
1/2  sec.  In  duration  every  two  seconds  if  the  counter  is  not  reset.  This 
gives  the  microprocessor  1 1/2  sec.  time  to  execute  Its  program  before  the 
watchdog  must  be  reset.  A LED  (MV5020)  is  placed  on  the  card  as  an  external 
indication  that  a reset  command  has  occurred. 

The  remaining  relay  on  the  l/F  card  is  used  to  simulate  a cycle  push- 
button closure  at  the  control  tower.  This  provides  isolation  of  the  l/F 
board  from  the  ILS  equipment  in  case  of  a faulty  wiring,  etc.  The  CYCLE 
STROBE  command  clocks  the  LSB  of  the  microprocessor  output  port  0 into 
the  340A  latch  to  drive  the  relay.  The  other  3^04' s on  the  board  are 
used  to  drive  the  seven-segment  display  on  the  front  panel  of  the  field 
units.  The  RESET  WATCHDOG  command  is  also  used  to  strobe  the  new  seven 
segment  information  Into  the  3404  latches. 
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B.  Front  Panel  Board  Description: 

As  shown  In  Fig.  14.  the  front  panel  board  contains  the  seven-segment 
LED  display  and  Its  series  resistors.  It  also  provides  the  control  line 
link  between  the  l/F  card  and  the  thumbwheel  switch  and  reset  pushbutton 
switch  on  the  front  panel.  Pull  up  resistors  for  the  thumbwheel  switch 
are  also  on  the  front  panel  board.  A twenty-line  ribbon  cable  is  used 
to  connect  to  the  l/F  card. 

The  seven-segment  LED  display  provides  Information  about  the  status 
of  the  communication  system  that  Is  useful  In  troubleshooting.  When 
possible  an  English  message  Is  spelled  out  using  the  alphabet  shown  In 
Fig.  2$  . The  thumbwheel  switch  may  be  used  on  conjunction  with  the 

LED  display  to  test  boards  In  the  communication  system.  This  Is  useful 
In  determining  which  card  to  replace. 

Tiio  reset  pushbutton  on  the  front  panel  Is  wired  In  parallel  (via 
the  20-1 Ine  ribbon  cable)  with  the  reset  relay  switch  contacts  and  will 
force  a software  res«.£  just  as  the  watchdog  circuitry  would  do  If  It 
weren't  disabled  periodically. 

C.  Barrier  Strip  Boards: 

Fig.  15  " show  the  location  of  the  ILS  status  signals  on  the  harrier 

» 

strip  boards  for  the  field  u,ilts,  A 50-llne  ribbon  cable  connects  the  card 
cage  to  the  barrier  strip  board.  The  most  Important  iLS  signals  have  LED's 
beside  them  to  Indicate  their  status. 
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FAR-FIELD  MONITOR  BARRIER  STRIP  BOARD 


DDH 

COM 

DDM 

3 

DDM 

2 

DDM 

1 

COMMON 

BYPASSED 

POWER 

/TEMP 

MIS- 

MATCH 

SHUT- 

DOWN 

ALERT 

O 

O 

O 

O 

O 

LED's  light  when  relay  contacts  are  closed. 


FIG.  15 
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D.  A/D  CARD 


A schematic  of  the  A/D  card  used  at  the  Far  Field  (ton  I tor  Is  shown  In 
Fig,  19.  This  board  serves  two  purposes:  (1)  to  convert  the  selected  DDM 
analog  signal  to  an  8-blt  digital  word,  and  (2)  to  provide  the  yP.  with  a 
choice  of  reading  either  the  8-blt  A/D  output  or  the  ILS  relay  outputs  and 
A/D  converter  status  signals. 

The  3^0k  and  AH5012  are  used  by  the  y.P.  to  select  the  desired  DDM 
signal.  The  AH50I2  contains  k FET  analog  switches  which  are  open  circuits 
when  their  gates  are  at  logic  1 and  are  short  circuits  (ISO  ohms)  when  their 
gates  are  logic  0.  The  microprocessor  may  select  the  DDM  signal  to  be  con- 
verted by  setting  the  proper  levels  on  the  3^04  Inputs  and  applying  a I to  0 
transition  to  the  input  select  Input  pin  on  the  3^04,  If,  for  example,  DDM  1 
Is  to  be  converted,  then  a I Is  placed  on  A/D  board  pin  27,  Q's  on  pins  2S, 

29,  23,  and  a I to  0 transition  Is  applied  to  pin  21. 

The  OOM  voltage  Is  buffered  by  the  LH308AN  operational  amplifier. 

The  look  pot  In  the  LM308AN  Feedback  circuit  Is  set  so  that  a +1.02l»V 
level  on  the  DDM  Input  will  result  In  a maximum  or  minimum  value  at  the 
digital  output.  The  microprocessor  Initiates  a conversion  by  applying 
a 1 to  0 transition  to  A/D  board  pin  28.  Note  that  the  microprocessor  may 
s®l®ct  DDM  COMMON  as  an  analog  Input.  This  allows  the  microprocessor  to 
find  the  differences  between  the  digital  outputs  that  corresponds  to  an 
analog  difference  between  a DOM  signal  and  Its  common.  This  feature  also 
protects  against  a drift  In  the  zero  volts  level  In  the  A/D  converter 
chip  and  Its  Input  buffer. 

The  register  select*  control  line  on  the  A/D  board  allows  the  yP  to 
select  the  8-bIt  digital  output  word  when  REG  SELECT  Is  low,  or  the  relay 
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Inputs  and  A/D  chip  status  lines  when  REG  SELECT  Is  high.  When  the 
EOC  output,  pin  45  of  the  A/D  chip,  goes  low,  the  microprocessor  knows 
that  the  A/D  conversion  Is  complete.  Pin  71  of  the  A/D  chip  signals  an 
overflow  has  occured,  and  pin  72  Is  the  sign  of  the  digital  output 
(0  for  positive,  1 for  negative). 

In  summary,  the  steps  required  to  convert  a DDH  Input  are: 

(1)  select  the  desired  analog  Input 

(2)  strobe  the  Input  select  line 

(3)  monitor  the  EOC  output  for  a high  to  low  transition 
(REG  SELECT  Is  high) 

(4)  read  the  sign  bit 

(5)  set  REG  SELECT  low  and  read  the  8-bIt  digital  representation 
of  the  analog  Input. 

These  five  steps  must  be  performed  twice.  Once  for  the  DDH  common, 
and  once  for  the  DDM  1 , 2,  or  3 Input.  The  difference  Is  taken  by  the 
microprocessor  to  get  the  actual  DDH  level. 

There  are  3 pots  on  the  A/D  board  to  calibrate  the  A/D  converter  chip. 

The  procedure  for  making  these  adjustments  are: 

(1)  Allow  five  minutes  warm  up  of  the  board. 

(2)  Adjust  the  200k,  clock  adjust  (CA) , pot  so  that  a 
frequency  of  122.9  KHz  Is  observed  at  TP-1. 

(3)  Select  DDH-COH  to  be  converted.  Set  the  zero  adjust  (ZA) 
pot  so  that  the  magnitude  of  conversion  Is  all  zeroes, 
and  the  sign  bit  flickers  between  high  and  low  levels. 

(4)  Now  select  DDH-1  with  1.024  volts  applied  to  the  DDH  1 terminal. 

Set  the  lOOK  gain  adjust  (GA)  pot  so  that  the  magnitude  of  the 
conversion  Is  all  one's  (full  scale)  and  the  sign  bit  Is  zero. 
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(5)  Recheck  zero  adjustment.  Adjust  If  necessary. 

(6)  Repeat  (k) , (5)  for  a -1.021*  volt  DDM  1 and  a sign  bit  of  1 output. 

(7)  Repeat  (4)  - (6)  for  DDM  2,  DDM  3 and  If  necessary  readjust  the 
100K  gain  adjust  pot  for  an  optimum  value  on  all  channels. 
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E.  D/A  CAROS 


The  D/A  card  Is  used  in  the  localizer  to  convert  digital  DDH 
Information  into  analog  voltage  to  drive  a meter  In  the  ILS  equipment. 

A schematic  of  the  0/A  converter  Is  shown  In  Fig.  20  . 

The  D/A  conversion  Is  performed  by  the  AD7522  chip.  This  chip  Is 
basically  an  R-2R  ladder  circuit  with  some  additional  holding  registers 
to  Interface  the  digital  source.  A reference  voltage  and  two  operational 
amplifiers  are  added  to  complete  the  R-2R  ladder  circuit.  Conversion  of 
an  8-bIt  parallel  digital  word  Is  accomplished  by:  (I)  presenting  the 
8-blt  digital  word  to  the  8-blt  data  bus  Input,  and  (2)  applying  a negative 
going  TTL  pulse  (at  least  5y  s In  duration)  to  the  D/A  I,  2,  or  3 Inputs 
on  the  D/A  board.  The  result  will  be  an  analog  voltage  at  the  DDH  1,2, 
or  3 output  of  the  D/A  board  that  correspond  to  the  digital  word  at  the 
Input. 

Also  on  this  board  Is  a 6-bIt  latch  to  drive  relays  that  Interface 
the  localizer  lt.S  equipment.  When  the  RELAY  REGESTER  STROBE 
Input  receives  a negative  going  pulse,  the  low  order  5 bits  of  the  data 
bus  (DB2-DB6)are  stored  In  the  register.  The  register  outputs  In  turn 
drive  a relay  which  simulates  the  opening  or  closing  of  a FFH  relay. 

Table  S lists  the  signals  assigned  to  the  data  bits.  A TTL  logical 
"1"  loaded  Into  the  register  will  cause  the  closure  of  the  corresponding 
relay. 
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LOCALIZER  D/A  CARD 


1 

0/A  Card'  Data  Bus  Assignments 

Signal  from  FFM  to  Localizer 
('"onitor  mismatch) 

FFpE  (pwr./temp,  fall) 

FFg  (CAT  1 1 shutdown) 
l^^sA  (shutdown  alert) 

FFgy  (monitor  bypass) 

The  calibration  procedure  for  the  D/A  card  Is  as  follows: 

(1)  Load  a "11111111"  (all  ones)  Into  the  DAC  Input 

register  using  the  D/A  I,  2,  or  3 control  line  as  described  above. 

(2)  Adjust  potentiometer  "P>'"  so  that  the  output  analog  voltage 
ddm  1,  2,  or  3 reads  -1.016  volts. 

(3)  Load  "00000000"  (all  zeroes)  Into  the  DAC  Input  register. 

(I>)  Adjust  potentiometer  "P-f"  so  that  the  output  voltage 

reads  1 .02k  volts. 

( 

(5)  Load  "10000000"  Into  the  DAC  Input  and  check  to  see  that  i 

i 

J 

the  analog  output  Is  within. 003V  of  zero. 


Table  5 
Data  Bus  Bit 
DB6 
DBS 
DBk 
OB? 


A similar  procedure  which  uses  the  microprocessor  and  the  thumbwheel 
switch  for  calibration  Is  Included  In  Chapter  VM. 


F,  Input  Multiplexer  Card 

A block  diagram  of  the  Input  multiplexer  card  is  given  in 
Fig.  21  along  with  its  schematic  In  Fig.  22  . The  card  uses  lines 
A,  B.  C to  select  one  of  8 groups  of  a bit  nibble  of  data.  The 
ENABLE  line  is  not  used.  The  card  is  wired  for  non-invert  log  operation. 
If  the  4th  group  of  data  Is  needed,  then  lines  ABC  would  be  set  to  110 
respectively  following  the  binary  convention  shown  in  Table  6. 


Table  6 

Select  Line 

ABC  Select  data  group 

0 0 0 0 

10  0 1 

0 10  2 

110  3 

0 0 1 4 

10  1 5 

011  6 

1 1 1 _ 7 


SCHEMATIC  DIAGRAM 
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CHAPTER  V 

COMMUNICATION  HARDWARE  AT  THE  AIR  TRAFFIC  CONTROL  TOWER 

A block  diagram  of  the  communication  hardware  at  the  Air  Traffic 
Control  Tower  (ATCT)  is  shown  in  Fig.  23  • The  communication  functions 
performed  by  the  modem  and  l/F  boards  at  the  ATCT  are  the  same  as  those 
discussed  in  Chapter  IV.  The  data  handled  by  the  ATCT  hardware  consists 
of  status  signals  sent  from  the  fieid  units  and  cycie  commands  sent  to 
the  field  units. 

When  the  status  signals  are  received  at  the  ATCT,  the  POP— 11/03  micro- 
processor loads  the  output  latch  boards  with  the  received  data.  The  output 
latch  boards  then  drive  relays  on  the  relay  boards,  which  in  turn  drive 
the  sensing  circuits  in  the  ILS.  The  results  are  that  a relay  closure 
at  a field  unit  will  cause  a corresponding  relay  closure  at  the  ATCT,  and 
the  ATCT  common  for  that  relay  is  then  directed  to  the  proper  circuitry 
within  the  ATCT  ILS. 

Similarly  when  a cycle  switch  is  closed  at  the  ATCT,  then  a cycle 
command  is  sent  from  the  ATCT  to  the  proper  field  unit.  This  results 
in  the  cycle  relay  closing  on  that  fieid  unit's  l/F  board  and  the  cycle 
common  is  directed  back  to  the  ILS  through  the  cycle  relay  switch  contacts. 
The  PDP-11/03  is  also  Interfaced  with  a keyboard,  so  that  a software 
Initiated  cycle  command  is  also  possible.  The  effect  is  the  same  as  If 
a cycle  switch  was  closed  in  the  control  tower. 

The  reset  interrupt  card  provides  the  software  reset  commands  to 
the  PDP-11/03  when  the  l/F  card  watchdog  relay  closes.  The  watchdog 
relay  switch  output  is  iowpass  filtered  to  remove  contact  bounce.  This 
slowly  rising  signal  is  sensed  by  the  schmidt  trigger  Input  of  the  one-shot 
on  the  interrupt  card.  The  one-shot  output  is  a TTL  level  pulse  to  the 
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BALANCED  PAIR 


POP  -11/03.  The  pulse  width  Is  set  to  prevent  more  than  one  pulse  from 
being  triggered  In  the  event  of  severe  contact  bounce  by  the  relay  switch 
contacts. 

A.  Output  Latch  Board 

A block  diagram  of  the  output  latch  board  Is  given  In  Fig.  24,  and 
a schematic  Is  shown  In  Fig.  26.  The  output  latch  board  consists  of  4 
8 bit  latches  each  sharing  the  same  buffered  Input  (see  Fig.  24  ).  To 
write  to  a latch,  the  PDP-11/03  must:  (I)  apply  the  data  to  the  output 
data  line;  (2)  select  the  latch  desired  using  chip  address  lines  A,  B,  C 
(e.g.,  000  Implies  latch  0,  100  Implies  latch  1,  and  so  on);  and  (3)  strobe 
the  chip  enable  line  from  a TTL  1 to  a TTL  0.  Note  that  the  reset  line 
must  be  at  a logic  1 for  normal  operation  and  that  a 0 on  the  reset  line 
will  clear  all  the  latches  on  the  board. 

The  optional  card  select  logic  Is  not  used  by  any  of  the  three 
output  boards. 

B.  Relay  Board 

The  relay  board  schematic  Is  shown  In  Fig,  27  . A functional  block 
diagram  Is  given  In  Fig.  25.  The  two  Input  gates  are  a logical  "AND." 

One  Input  of  each  gate  Is  connected  to  an  output  board  latch  output. 

The  remaining  Inputs  are  tied  together  to  become  a relay  output  board 
select  line.  This  line  Is  held  at  a logic  I so  that  the  output  board 
latch  outputs  drive  the  relays.  When  the  gate  Input  Is  "0"  the  relay 
Is  engaged  and  the  contacts  are  closed.  Otherwise,  the  relay  contacts 
are  open. 
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FUNCTIONAL  BLOCK  DIAGRAM  RELAY  BOARD  BLOCK  DIAGRAM 


Cttrhff  MA 


OUTPUT  LATCH  BOARD 
SCHEMATIC  DIAGRAM 


FIG.  27  RELAY  BOARD 

SOCAAATIC  DIAGRAM 


C.  Interrupt  Board 

The  reset  Interrupt  board  provides  the  necessary  conditioning  of 
the  watchdog  relay  signal  to  give  an  acceptable  reset  interrupt  signal 
to  the  POP  -11/03. 

The  Interrupt  board  is  mounted  inside  the  ATCT  tdne  signalling 
equipment  cabinet,  its  schematic  is  shown  in  Fig,  28  . The  operation 
is  simpiy  to  give  an  output  puise  (Pin  5)  of  approximately  30ms  whenever 
a logical  0 to  1 transition  Is  applied  at  the  Input  (Pin  3).  The 
reset  input  of  thePDP  -11/03  will  not  tolerate  either  a slowly  rising 
signal  or  a series  of  pulses. 


Chapter  VI 

INTERFACE  BOARD  ADDRESSING 

The  Interface  Board  was  designed  to  allow  either  the  PDP-ll/03  or 
Pro-Log  41 U microcomputer  card  to  control  the  remaining  peripheral  cards 
In  the  communications  system.  A detailed  discussion  of  this  card  is  con- 
tained In  Chapter  IV,  The  operation  of  the  Interface  and  other  peripheral 
cards  are  governed  by  an  8 bit  "address"  from  the  computer  at  each  location. 

The  function  of  each  address  Is  Included  below.  The  MSB  of  the 
address  governs  an  edge- triggered  monostable  multivibrator,  which  triggers 
on  the  low  to  high  transition.  Hence,  addresses  80  through  FF  hexadecimal 
assume  the  prior  value  of  the  MSB  was  zero. 

As  Implemented  at  the  ATCT  using  the  PDP-ll/03 

Function 

Read  "CYCLE"  buttons 
Write  modem  control  register  (modem  #0) 

Relay  latch  banks  (3  cards,  4 banks  each) 
Write  ACIA  control  register  (modem  #0) 
Read  ACIA  status  register  (mc^em  #0) 

Write  ACIA  transmit  buffer  (modem  #0) 

Read  ACIA  receiver  buffer  (modem  #0) 
Watchdog  circuit  reset 

Addresses  marked  with  an  asterisk  (*)  should  have  the  following  number 

added  to  them  for  the  other  five  modems: 

10  for  modem  #1  20  for  modem  #2 

30  for  modem  #3  4o  for  modem  #4 

50  for  modem  #5 

i 
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Hexadecimal  Address 

00 

OC* 

10,11,12,13,20,21,22,23, 

30,31,32,33 

88* 

89* 

8A* 

8B* 

FO 
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As  Implemented  at  the  field  units  using  Intel  l»040's 


Hexidecimal  Address 

Function 

OE 

Write  modem  control  register 

18 

Start  A/D  conversion 

18 

Load  D/A  3 

28 

Load  analog  switch  register 

28 

Load  D/A  2 

38 

Load  D/A  1 

39 

Read  A/D  magnitude  bits 

3B 

Read  A/D  card  Inputs 

48 

Write  D/A  card  relay  register 

49 

Read  Interface  card  Inputs 

59 

Read  Interface  card  clock.  Id  sti 
and  thumbwheel  switch 

5F 

No  operation  (safe  rest  state) 

68 

Write  cycle  relay  register 

78 

Write  7 segment  display 

88 

Write  ACIA  control  register 

89 

Read  ACIA  status  register 

8a 

Write  ACIA  transmit  buffer 

8B 

Read  ACIA  receive  buffer 

F8 

Reset  watchdog  circuit  and  write 

7 segment  display 
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Chapter  VI I 
THE  FIELD  UNITS 

A.  DISPUYS 

Each  of  the  six  field  units  (at  the  localizer,  glide  slope,  far- 
fleld  monitor,  and  three  markers)  have  a seven  segment  light  emitting 
diode  (led)  display  and  thumbwheel  switch  mounted  on  the  front  panel. 
These  displays  facilitate  routine  servicing  of  the  communication  system 
without  test  equipment.  In  most  cases,  problems  may  be  Identified  by 
readirtg  the  English  message  flashed  on  the  display  by  the  microprocessor. 

There  Is  one  display  associated  with  each  setting  of  the  thumbwheel 
switch.  The  meaning  of  the  displays  are  explained  below: 


POSITION  0 

The  normal  setting  for  the  thumbwheel  switch  is  position  0.  In 
this  position,  the  microprocessor  displays  English  messages  describing 
the  current  status  of  the  communication  system.  The  most  common  message 
is  "GO"  which  means  that  everything  Is  working  as  designed:  communication 
with  the  remote  control  Is  In  progress  and  no  transmission  errors  (caused 
by  electrical  noise  or  interference)  are  being  encountered. 

The  message  Is  spelled  out  sequentially  by  three  characters  on  the 


display: 


g D 


The  first  character,  a dash  or  hyphen.  Indicates  the  start  of  a message. 
Each  character  appears  on  the  display  for  approximately  one  second.  The 
second  character  is  a "G",  and  the  third  is  an  "0".  The  seven  segment 

j 

alphabet  is  shown  In  Fig.  29  . The  decimal  point  or  period  is  lit  with 
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the  last  character  of  the  message  being  displayed.  This  signifies  the 
end  of  the  message. 

The  remaining  14  messages  which  can  be  displayed  In  position  0 have 
the  same  general  format:  they  be^ln  with  a hyphen  and  end  with  a period. 

Each  of  the  fifteen  messages  has  an  assigned  priority,  higher  priority 
messages  Interrupt  lower  priority  messages.  A summary  of  the  messages, 
their  assigned  priority,  and  a brief  explanation  Is  listed  below: 


Priority 

1 

2 


3 

4 

5 


6 

7 

8 


9 

10 

n 


Explanation 

System  go,  no  problems. 

Too  large  a voltage  Is  being  sensed 
at  the  FFM  for  DDM  3 (greater  than 
il  volt).  Will  appear  only  at  the 
FFM  and  LOC. 

See  explanation  for  DDM  3. 

See  explanation  for  DDM  3. 

Problems  with  the  analog-to-digl tal 
converter  are  being  detected  at  the 
FFM  (zero  calibration  has  drifted 
or  no  end-of-  conversion  signal  Is 
detected).  Will  appear  only  at  the 
FFM  and  LOC. 

OVER  An  overrun  error  occured  during  the 

reception  of  data  from  the  Remote  Control 

FRAME  A framing  error  occured  during  the 

reception  of  data  from  the  Remote  Control 

CRC  A data  error  occured  during  the 

reception  of  data  from  the  Remote 
Control  (either  a CRC  error  or  other 
redundancy  check). 

PARITY  A parity  error  occured  during  the 

reception  of  data  from  the  Remote  Control 

RESET  The  microprocessor  was  Just  reset, 

either  by  the  front  panel  pushbutton 
or  by  the  watchdog. 

ID  The  message  received  from  the  Remote 

Control  should  have  been  sent  to  a 
different  field  unit. 


Message 

GO 

DDM3 


DDM2 
DDM  I 
ADC 


12 

NO  DATA 

The  carrier  from  the  Remote 

Control  Is  present,  but  no  data 
has  been  received  for  the  past  30 
seconds. 

13 

TONE 

No  carrier  is  being  received  from 
the  remote  control. 

tM 

MODEM 

The  modem  card  failed  its  self*test. 

15 

PROM 

A checksum  of  the  microprocessor's 
Programmable  Read  Only  Memory  failed 

POSITION  1 

Moving  the  thumbwheel  switch  to  position  I wMI  cause  all  eight 
LED's  in  the  display  to  light  as  a lamp  test. 

POSITION  2 

Position  2 of  the  thumbwheel  switch  displays  the  last  frame  of 
Information  received  from  the  Remote  Control  to  be  displayed.  Each  LEO 
in  the  display  represents  1 bit  of  the  eight  bit  frame.  When  information 
is  sent  to  the  Localizer,  this  display  will  flicker  as  several  frames  are 
normally  sent  to  the  localizer  in  quick  succession. 

Typical  displays  (cycle  button  not  pushed,  no  reception  errors  at  the 
ATCT)  are: 
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•Jo 

Gi ide  Slope 

•"d 

a o 

Middle  Marker 


LO 

II 


I 0 

O 
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Outer  Marker 


I 0 

Inner  Marker 

l"l 
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OM  (cycle  pushed) 
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Note  that  shaded  segments  above  Indicate  segments  which  are  not  lit.  Four 
bits  are  used  to  Indicate  the  cycle  button  status  (open,  closed): 


POSITION  3t  DDM  I (FFM  5 LOG) 


s 

f? 

1 

i 1 

3l  ] 

r ■! 

s 

s 

c 

1 

mil  I Ivolts 


Add  dark  segments. 
Example:  If  the  shaded 
-6A0  mV  and  -12.5  pA, 


Divide  result  by  51.1  (k  ohms)  to  get  micro-amps, 
areas  below  are  dark  then  we  get  -(512  + 128)  ■ 


POSITION  k:  (no  meaning  at  GS,  markers) 

At  the  localizer,  this  position  Is  used  to  adjust  the  D/A  converters. 
The  value  loaded  Into  the  D/A's  will  be  either  plus  full  scAle  (+I,02k 
volts)  or  minus  full  scale  (-1.016  volts).  These  two  values  will  be 
loaded  alternately  every  15  seconds.  To  adjust  the  D/A's,  connect  a 
DVM  to  the  DOM  1 output  and  adjust  the  potentiometer  marked  "IPs"  so  that 
the  positive  voltage  Is  +I.02k  volts,  and  adjust  "IP-"  so  that  the 
negative  voltage  Is  -I.0I6  volts.  (See  Fig.  20).  These  adjustments  are 
Interactive,  so  they  should  be  repeated  several  times  before  continuing  with 
0DH2. 

ODm  2 Is  adjusted  by  connecting  the  DVM  to  DDM  2 and  adjusting  "2P6" 

and  "2P-".  Likewise,  DDH  3 Is  adjusted  by  connecting  the  DVM  to  DDM2  and 
adjusting  "3PS"  and  3P-". 

At  the  far  field  monitor,  position  k Is  used  to  adjust  the  zero  of  the 
A/D  converter.  If  the  top  segment  of  the  LED  display  Is  always  on,  adjust 
potentiometer  "ZA"  counter-clockwise.  If  It  Is  always  off,  move  the 
potentiometer  clockwise.  When  properly  adjusted,  the  entire  display 
will  blink  on  and  off. 

The  adjustment  of  the  A/D  zero  Is  not  critical  since  the  micro- 
processor automatically  corrects  the  DDM  values  for  any  zero  drift  of 
the  A/D. 

POSITION  Si  At  the  markers,  glide  slope,  and  FFM,  this  position  Indicates 
the  value  of  the  cycle  relay:* 


shaded  segments  Indicate  dark  or  unlit  LED's. 
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BJ  D fl 

O 1° 

Relay  open  Relay  closed 

Since  the  FFM  has  no  transmitters,  the  display  should  always  show 
relay  open. 

At  the  Localizer,  this  position  also  Indicates  the  status  of  the 
five  signals  from  the  FFM  as  received  by  the  microprocessor.  In  the 
following  diagram,  a closed  relay  Is  Indicated  by  a dark  (shaded)  segment: 
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POSITIONS  6-q 

These  positions  Indicate  what  the  microprocessor  Is  sending  to 
the  ATCT  In  the  second,  third,  fourth,  and  fifth  frames,  respectively. 

A dark  segment  Indicates  a I.  or  closed  relay.  A lit  segment  Indicates 
a 0,  or  an  open  relay.  The  data  formats  are  explained  In  Chapter  III. 
Each  segment  of  the  LEO  represents  1 bit  In  the  frame  as  follows: 
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B.  SIMPLIFIED  TROUBLESHOOTING  PROCEDURE 


(1)  Place  the  thumbwheel  switch  In  position  0.  If  the  display  Is  dark, 
check  the  power  source,  switch,  fuses,  and  power  supply  voltages.  If  all 
are  okay,  proceed  to  step  (2). 

(2)  If  the  display  Is  dark,  flickers,  makes  no  sense,  or  works  "funny," 
try  replacing  the  INTERFACE  and  MICROPROCESSOR  cards.  Note;  the  FFM 
display  w|ll  usually  flicker  when  first  turned  on.  It  will  quit  flickering 
within  2-3  minutes. 

(3)  If  the  message  Is  not  "GO"; 

DDM3.  DDM2.  DPMI.  ADC;  Check  the  FFM,  DDM  signals.  If  okay,  try 
replacylng  the  ADC  card  at  the  FFM,  then  the  INTERFACE  card. 

OVER.  FRAME;  Try  replacing  the  MODEM,  INTERFACE,  and  MICROPROCESSOR 
cards.  In  that  order.  Also  check  the  MODEM  card  at  the  ATCT. 

CRC.  PARITY;  See  OVER,  FRAME  above.  Also  check  the  TELCO  line 
for  excessive  noise  or  Insertion  loss,  poor  balance. 

RESET;  Try  replacing  the  MICROPROCESSOR  and  INTERFACE  cards. 

ID;  See  CRC,  PARITY.  Also  check  to  be  sure  the  field  unit  TELCO 
line  Is  connected  to  the  right  pair  of  terminals  In  the  ATCT  and  that 
two  lines  have  not  been  switched. 

NO  DATA;  Check  the  system  at  the  ATCT  to  be  sure  the  computer  Is 
running.  Then  try  replacing  the  MODEM,  INTERFACE,  and  MICROPROCESSOR 
cards.  Then  try  the  MODEM  and  INTERFACE  cards  at  the  ATCT. 


r 
t 

TONE:  Check  the  ATCT  system  and  the  TELCO  line,  then  the  MODEM, 
INTERFACE,  and  MICROPROCESSOR  cards.  Then  try  the  MODEM  and  INTERFACE 
I cards  at  the  ATCT. 

[ MODEM:  Replace  the  MODEM  card,  then  the  INTERFACE  and  MICROPROCESSOR 

I cards. 

I PROM:  Replace  the  MICROPROCESSOR  card, 

i IMPORTANT  NOTE 

t 

I 

Occasional  occurances  of  these  messages  do  not  indicate  a problem 
which  needs  maintenance!! 

(4)  If  the  message  is  "GO":  Check  the  quick  change  plugs  at  the  field 
unit  and  at  the  ATCT  to  be  sure  they  are  In  the  PUROUE/TONE  socket. 

(5)  If  plugs  at  QC  boxes  are  right,  isolate  the  problem  using  the 
LED's  on  the  barrier  strip  boards,  the  front  panel  display,  and  the 
display  at  the  ATCT.  Signals  that  are  correct  on  the  barrier  strip  board, 
but  wrong  when  read  by  the  microprocessor  may  indicate  a bad  INTERFACE, 
MUX,  ADC,  or  MICROPROCESSOR  card. 
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C.  THE  HEATER-THERMOSTAT  CIRCUITRY 


[ 

k' 


The  majority  of  the  components  used  In  the  communications  equipment 
are  rated  for  operation  between  0”  and  70°  Celclus.  Since  the  temperature 
of  the  field  units  not  located  In  heated  shelters  (FFM  and  the  markers) 
could  go  below  freezing,  these  units  are  equipped  with  electric  heaters. 


The  heaters  are  simple  units  operating  from  120  VAC.  They  maintain 
the  temperature  In  the  Interior  of  the  box  between  26°  and  36°  C. 

A front  panel  lamp  marked'HEATER  ON"  will  light  whenever  the  heater  coll 
Is  actually  operated.  The  AC  power  cord  for  the  heater  should  only  be 
plugged  In  during  the  winter  when  temperatures  may  fall  below  freezing. 

At  other  times,  this  heat  would  only  add  to  the  heat  generated  by  the 
power  supplies  and  electronics. 

Should  the  temperature  Inside  the  box  fall  below  freezing,  a 
thermostat  will  disrupt  power  to  the  electronics  to  prevent  malfunctions 
caused  by  the  low  temperature.  This  condition  Is  signalled  on  the  front 
panel  by  the  extinguishing  of  the  "TEMP  NORMAL"  lamp,  while  the  "POWER" 
lamp  remains  on. 

It  Is  our  opinion  that  when  the  heater  is  operational,  the  electronics 
will  continue  to  operate  with  an  outside  temperature  below  “30°C,  Further- 
more, If  the  AC  power  falls,  the  electronics  will  continue  to  operate  from 
several  hours  to  Indefinitely,  depending  on  the  exterior  temperature. 
Although  the  heater  will  cease  functioning  when  the  AC  power  fails,  the 
power  supplies  and  electronics  will  continue  to  generate  considerable 
heat  on  their  own. 

A schematic  of  the  heater-thermostat  Is  shown  In  Fig.  30  . 
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Hot  Thermostat  (opens  at  36*C, 
closes  at  26*C) 


"HEATER  ON"  Pflot  lamp 


Cold  Thermostat 

Power  Switch  (opens  at  0"C  , closes  at  5“C  ) 


"POWER  ON" 

Pilot 

Lamp 

I Power 


SuppI ies 


V'TEMP  NORMAL" 
Pilot 
Lamp 


FIG.  30  HEATER  SCHEMATIC 


CHAPTER  VIII 

ATCT  OPERATOR  INFORMATION 

A.  Basic  Equipment 

Flq.  31  shows  most  of  the  major  components  Installed  at  the  ATCT 
to  handle  Mark  III  ILS  communications.  All  operation  sequencing  and 
control  Is,  of  course,  governed  by  the  y.p.  (PDP-ll/03),  but  note  that 
the  Interface  card  Is  the  center  of  most  activity  since  the  bulk  of  the 
Vi.p.  Information  Is  steered  by  this  card.  See  Chapters  IV  and  VI  for 
discussions  of  the  Interface  card. 

The  Interrupt  board  holds  "watchdog"  circuitry  as  described  In 
Chapter  V.  Should  the  y.p.  fall  to  refresh  the  watchdog  pulse  generator 
(located  on  the  Interface  board),  the  Interrupt  board  electronics  will 
force  an  Interrupt  to  be  taken  by  the  y.p.  The  address  of  the  watchdog 
Interrupt  service  routine  Is  stored  In  location  300g. 

The  maintenance  monitor,  status,  and  remote  control  panels  are  all 
part  of  the  original  ILS  equipment  Installed  at  the  ATCT. 

Each  communications  line  to  a distant  field  unit  (FU)  Is  driven 
by  a modem  card.  See  Chapter  IV.  Electronics  on  the  modem  card  converts 
a serial  stream  of  I's  and  O's  to  a sequence  of  tone  bursts  at  a 300  baud 
(bIts/sec)  rate.  Conversely,  tone  bursts  simultaneously  received  from 
the  far  end  of  the  line  will  be  converted  back  to  1 and  0 signals  by  this 
same  modem  card. 

The  y.p.  directly  drives  a TV  terminal  as  shown  In  Fig.  31*  Infor- 
mation to  a human  operator  Is  displayed  on  the  TV  monitor  screen  by  the 
y.p.  The  operator  may  In  turn  send  commands  to  the  y.p.  by  typing 
appropriate  command  abbreviations  on  the  terminal  keyboard. 


STATUS 

PANEL 


REMOTE 

CONTROL 

PANEL 


FIG.  31  MAJOR  HARDWARE  COMPONENTS 


INSTALLED  AT  THE  ATCT 
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B.  Honitor  Information  Frames 


Several  baste  types  of  Information  frames  can  be  displayed  on  the 
monitor  screen.  Host  frequently  the  status  frame  will  be  desired  (see 
Fig.  32.)  This  frame  presents  all  the  Information  (plus  a few  additional 
Items)  currently  found  on  the  status  and  remote  control  ILS  panels.  For 
each  of  the  transmitting  FU's  this  Includes  transmitter  status  (MAIN. 
STANDBY,  or  OFF),  abnormal  alarms  (POWER/ENVIRONMENT  and  MONITOR),  and  per- 
formance Indicators  such  as  CAT  III  and  CAT  II. 

Also,  the  two  most  recent  log  entries  currently  stored  for  each 
transmitting  FU  are  displayed  Immediately  below  their  status  values.  At 
the  top  of  the  screen  appears  a performance  category  rating  of  either 
CATEGORY  3,  CATEGORY  2,  SYSTEM  DOWN,  or  LINK  BREAK.  The  "CATEGORY"  Items 
are  determined  In  a manner  Identical  to  that  used  In  the  ATCT  remote  control 
panel.  "SYSTEM  DOWN"  signals  that  the  ILS  does  not  satisfy  Category  II 
rating  criteria.  "LINK  BREAK"  Is  used  whenever  the  absence  of  either  a 
received  carrier  or  message  has  persisted  for  approximately  three  and  one 
half  minutes  on  any  of  the  six  communications  lines. 

Whenever  a transmitter  cycle  Is  being  requested  (by  either  the  key- 
board or  the  remote  control  panel  pushbuttons),  a blinking  CYCLE  Is  placed 
at  the  far  right  of  the  status  screen  display  line  for  that  FU. 

(The  single  status  signal  received  from  the  FFM— CAT  lll~Is  not 
explicitly  displayed  on  any  monitor  frame.  However,  Its  value  Is  used 
by  the  y.p.  to  determine  the  performance  rating  at  the  top  of  the  status 
frame. ) 

The  maintenance  monitor  (MM)  frame  (see  Fig.  33)  displays  Information 
received  from  the  localizer,  glide  slope,  and  FFM  FU's  that  Is  currently 
available  on  the  MM  status  panel.  To  the  left  of  the  frame  appear  all 


RUNHAY  13  IHSTRUNEMT  LAMDIHG  SYSTEH 
OCT  26  - 17:59:17 
PERFORHAHCE  STATUS-  LINK  BREAK 


TYPE  H FOR  HELP 


Fig.  33:  The  "maintenance  monitor"  (MM)  information  frame 
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TYPE  H FOR  HELP 


prealarm  status  bilng  received  from  the  localizer.  On  the  right  of  this 
same  frame  Is  shown  glide  slope  HM  status  values.  At  top  center  Is  dis- 
played FFH  HH  status  values. 

Immediately  below  the  FFH  HM  data  appear  Items  not  displayed  on  the 
ILS  panels:  ODM  values  and  the  status  of  five  alert  and  shutdown  signals 
currently  being  relayed  to  the  localizer  from  the  FFH;  see  Fig.  2.  All 
three  DOH  analog  voltage  values  are  converted  to  binary  numbers  at  the 
FFH.  These  numbers  are  relayed  through  the  ATCT  to  the  localizer.  However, 
they  are  simultaneously  displayed  on  the  ATCT  monitor  screen  In  decimal 
microamps. 

At  the  top  of  the  MM  frame  will  appear  "SYSTEM  NORMAL"  or  "SYSTEM 
ABNORMAL."  A NORMAL  Indication  will  appear  only  If  all  MM  prealarms  dis- 
played on  this  screen  are  off  or  "OK." 

Both  the  status  and  HM  frariies  show  the  current  date  and  time  at  the 
top  of  their  displays. 

A "log"  frame  may  also  be  written  on  the  monitor  (see  Fig.  34).  Here, 
up  to  20  lines  of  log  entries  are  displayed  for  the  operator's  viewing.  Log 
entries  made  automatically  by  the  y.p.  are  always  one  line  In  length. 

Entries  made  manually  by  a human  operator  may  be  of  any  length.  As  It 
appears  on  the  screen,  a log  entry  will  show  the  date  and  time  of  Its 
Insertion  Into  the  log  as  well  as  Its  "origin":  That  Is,  to  which  FU 
the  entry  applies. 

C.  Commands  Issued  from  the  Keyboard 

At  any  time  the  user  may  type  "H"  (for  HELP).  An  Information  frame 
will  then  appear  giving  him  a choice  of  four  "self-documentation"  frames 
that  he  may  request  be  written  on  the  screen. 
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!f  he  next  types  "7S}'  he  will  be  shown  an  Information  frame  covering 
basic  aspects  of  the  status  and  HH  frames.  In  response  to  a "7L,"  the  user 
will  be  Instructed  In  using  the  four  log  commands  honored  by  this  u>P* 
Typing  "7D,"  he  will  learn  how  to  Issue  "date"  and  "time"  commands. 

See  below.  Finally,  should  he  make  a "7C"  keyboard  response,  the  user 
will  be  told  how  to  request  the  cycling  of  transmitters  from  his  keyboard. 
Again,  see  below. 

The  form  of  a "date"  command  Is 

DATE  MM/DD 

followed  by  the  depression  of  the  " RETURN"  key.  (Characters  above  that  are 
underlined  are  typed  by  the  human  operator;  others  are  written  automatically 
by  thep.p.)  "MM"  Is  the  current  numeric  month  (from  one  to  12)  the  user 
desires  to  enter.  "DD"  Is  the  day  number.  When  the  RETURN  key  Is  pressed, 
thep.p.  will  change  Its  automatical  ly^malntalned  date  to  that  typed  In. 

Then  two  automatic  log  entries  will  be  made  recording  this  date  change. 

The  "MM"  and  "DD"  numbers  will  be  checked  for  validity.  No  date  change 
will  be  made  If  there  Is  an  obvious  error  In  their  values.  Errors  caught 
by  the  user  while  typing  can  be  overcome  by  simply  continuing  to  type  the 
date:  the  p.p.  will  Ignore  all  but  the  last  four  numeric  digits  typed  In. 

To  alter  the  2l>-hour  clock  time  being  maintained  by  the  p.p..  Issue 
a "TIME"  command  from  the  keyboard: 

TIME  HH/MM 

terminated  with  a "RETURN."  "HH"  is  the  current  numeric  hour  (from 
zero  to  23)  while  "MM"  refers  to  the  desired  minute  number  (between  zero 
and  59),  At  the  depression  of  the  RETURN  key  the  p.p.  will  change  Its 
maintained  time  to  the  value  typed  In.  Two  automatic  log  entries  will  then 
be  made  recording  this  time  change.  The  "HH"  and  "MM"  numbers  will  be 


checked  for  obvious  errors.  Again,  only  the  last  four  numerals  typed 
In  will  be  made  use  of  by  the  p.p. 

Three  types  of  log  display  commands  may  be  Issued  from  the  keyboard: 
WG  (return) 

WG  HH/DD  (return) 

IU}G  MLL  (return) 

The  simple  "LOG"  command  results  In  the  last  20  (most  recent)  log  lines 
being  displayed  on  the  monitor  screen. 

The  "LOG  MM/DD"  command  will  display  20  log  lines  beginning  with  the 
first  line  having  a date  greater  than  or  equal  to  the  date  typed  In. 

In  response  to  the  "LOG  ROLL"  command,  an  existing  log  display  will 
be  advanced  by  ten  lines.  Thus,  the  log  may  be  stepped  through  easily 

beginning  with  any  Initial  date. 

To  make  a manual  entry  to  the  log,  the  human  operator  simply  types 
"JENTER."  The  p.p.  responds  by  displaying  Instructions  on  how  to  make 
such  an  entry. 

f 

Cycle  commands  may  be  Issued  from  the  keyboard  as  well  as  the  ILS 
panel  pushbuttons.  The  general  form  of  a keyboard  cycle  command  Is: 

CYCLE  {FU}  (STATE)  (PASSWORD) 

Here,  "FU"  will  actually  be  one  of  the  following 
LOCALIZER 
£LI0E  SLOPE 
mNER  MARKER 
MIDDLE  MARKER 
MTER  MARKER 
ALL 
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to  Indicate  which  FU  Is  to  receive  a transmitter  cycle  command.  Note 
that  It  Is  possible  to  affect  all  transmitting  Fit's  using  a single  cycle 


command. 


The"STATE"  entry  might  not  be  used  by  the  operator  at  all.  If  It 
Is,  It  will  be  either  MAIN  or  OFF.  Thus,  we  may  ask  that  one  (or  all) 
Fit's  be  cycled  automatically  until  each  has  reached  a certain  transmitter 


state. 


Regardless  of  which  cycle  command  type  one  Issues,  a special  password 
(which  Is  not  given  In  this  report)  must  be  the  last  entry  appearing  In 
the  command. 

Examples  of  possible  cycle  commands  are 


CYCLE  LOCALIZER 


(password) 


This  will  send  a single  cycle  command  to  the  localizer  FU.  This  Is  equiv- 
alent to  pressing  the  status  panel  cycle  pushbutton  once. 

£YCLE  J[NNER  MARKER  £FF  (password) 

Here  the  Inner  marker  FU  will  be  Issued  cycle  commands  until  Its 
transmitter  state  reaches  "OFF."  Under  normal  (error-free)  conditions, 
no  more  than  one  cycle  command  should  be  Issued  In  response  to  such  a 


command. 


£YCLE  ALL  IMIN  (password) 


All  transmitting  FU's  will  receive  cycle  commands  until  every 
transmitter  state  reaches  MAIN. 

Keyboard  cycle  commands  will  be  honored  only  If  the  status  frame 
Is  currently  being  displayed.  As  a cycle  command  Is  Issued  (regardless 
of  Its  source),  a blinking  "CYCLE"  will  be  placed  at  the  far  right  of  the 
status  line  of  the  affected  FU.  If  a FU  falls  to  respond  to  a cycle,  an 
automatic  log  entry  ("NO  RESPONSE  TO  CYCLE")  Indicating  such  Is  made  by  the 


1 

* 

L 
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D.  Error  Reporting 

The  seven  microprocessors  In  this  system  will  detect  and  report  a 
'number  of  erroneous  conditions  that  may  arise  during  normal  communications. 
All  such  reports  will  ultimately  be  routed  to  the  ATCT  p.p.  where  they  will 
likely  be  displayed  on  the  TV  monitor  status  frame. 

Among  all  the  errors  that  can  be  detected  at  the  ATCT  Itself,  the 
following  portion  will  be  reported  at  each  and  every  occurrence.  Observe 
that  the  final  four  are  not  actually  erroneous  conditions. 

ATCT  Software  Initialize 
No  response  to  cycle 
ATCT  error  during  self-test 
Date  before  date  change 
New  date 


Time  before  time  change 
New  time 

The  Remaining  errors  that  may  be  detected  at  the  ATCT  end  of  each 


communications  line  are: 

Priority 

0 

1 

2 

3 

k 

6 

8 

9 

II 


Message 

System  go 
Receiver  overrun 
Framing  error  detected 
Data  error  detected 
Parity  error  detected 
Wrong  ID  bits  from  FU 
No  data  from  field  unit 
No  carrier  from  field  unit 
ATCT  PRDM  checksum  error 
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since  each  reported  error  causes  an  automatic  log  entry  to  be  made.  It  Is 
Important  to  suppress  the  reporting  process  for  chronic  error  conditions 
In  order  to  prevent  the  ATCT  y.p.  log  memory  space  from  being  quickly  filled 
with  a single  error  message  repeated  hundreds  of  times.*  Thus,  error  "de- 
bouncing" has  been  Instituted  at  the  ATCT  y.p.  An  explanation  of  this 
procedure  follows. 

Though  error  conditions  may  be  detected  in  the  system  at  any  time, 
the  ATCT  y.p.  will  consider  placing  reports  of  these  errors  in  the  log 
(and  on  the  TV  monitor  screen)  only  at  discrete  time  instants  separated 
by  60  second  periods.  During  each  60  second  period,  a running  record  Is 
kept  of  the  highest  priority  error  encountered  at  each  end  of  each  of  the 
six  communication  lines.  (Thus  there  are  12  points  In  the  system  where 
errors  can  be  detected  by  a y.p.)  If  no  error  occurred  at  a line  end 
during  an  Interval,  a priority  zero  ("system  go")  condition  Is  assumed. 

If  an  error  did  occur,  sometime  during  the  60  second  interval,  a count  of 
one  (1)  is  added  to  a counter  corresponding  to  that  communications  line  end. 
As  long  as  this  counter  holds  a value  between  one  and  three,  the  highest 
priority  error  seen  during  the  most  recent  one  minute  interval  will  be 
reported  in  the  ATCT  log  and  on  the  TV  monitor  status  frame.  As  soon  as 
this  count  reaches  four,  the  reporting  of  the  highest  priority  error  seen 
during  the  most  recent  60  second  period  will  be  suppressed.  That  is.  Its 
further  occurrence  will  not  result  in  additional  log  entries  (or  TV 
screen  reports)  being  made.  Furthermore,  ten  continuous  minutes  of  com- 
pletely error-free  operation  must  be  observed  at  this  line  end  before  the 

’^The  magnetic  core  reserved  In  the  PDP-11/03  for  log  storage  is 
sufficient  for  800-900  automatic  log  entries.  Manual  log  entries  take 
approximately  ten  times  the  space  of  an  automatic  entry  per  line. 
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above-mentioned  counter  Is  returned  to  a zero  value.  Only  when  this 
"saturated"  counter  has  been  cleared  to  zero  can  further  reports  of  this 
same  error  condition  be  accepted. 

If  during  this  ten  minute  waiting  period  a different  error  condition 
Is  found  to  be  the  highest  priority  error  seen  during  a 60  second  period, 
then  this  new  error  will  be  reported  once.  However,  the  10  minutes  of 
error-free  operation  will  still  be  Insisted  upon.  Meanwhile,  this  new 
error  will  become  the  "saturated"  error  for  the  purposes  of  deciding 
whether  to  make  later  reports  and  log  entries.  Thus,  If  the  previously- 
saturated  error  returns.  It  will  be  reported  once,  and  then  will  reassume 
Its  status  as  the  saturated  (and  thus  unreported)  error. 

If  the  counter  Is  currently  taking  on  a value  between  one  and  three, 
and  If  one  minute  of  correct  operation  has  Just  been  observed,  then  a count 
of  one  will  be  subtracted  from  this  counter.  When  the  counter  has  reached 
zero  In  this  manner.  It  will  be  held  there.  A check  will  then  be  made  on 
the  counter  maintained  for  the  other  end  of  this  same  communication  line. 

If  they  both  are  now  at  zero,  a "system  go"  (priority  zero)  message  will 
automatically  be  placed  In  the  log  to  Indicate  the  "recovery"  from  an 
error  state  of  the  FU  communication  line  In  question.  If  the  counter  for 
the  remaining  line  end  Is  not  zero,  then  apparently  an  error  condition 
exists  at  the  other  end  of  the  communications  line.  This  additional  error 
must  thus  be  "counted  down"  to  zero  before  a "system  go"  will  be  Issued 
for  this  F.U.* 

\ote  that  error  conditions  Involving  the  FFM  communication  line 
will  appear  only  In  the  log  (and  not  on  the  status  frame). 

I 
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Error  numbers  8 and  9 are  given  a special  status  by  the  ATCT  |i*P* 

As  soon  as  an  error  counter  "saturates"  with  either  of  these  errors,  the 
performance  category  displayed  at  the  top  of  the  status  frame  will  be 
listed  as  "LINK  BREAK"  to  Indicate  that  a communication  line  Is  effectively 
broken.  That  Is,  for  whatever  reason,  communication  has  ceased  over  the 
FU  channel.  In  addition,  the  line  of  status  values  ("MAIN,"  "ABN/PEJ'  etc.) 
shown  for  this  FU  will  be  replaced  with  the  phrase  "SYSTEM  DOWN"  to  Indicate 
that  the  status  values  are  not  to  be  trusted  since  a communication  from  this 
FU  has  not  been  received  for  at  least  three  minutes.  If  the  FU  Involved  Is 
either  the  localizer,  glide  slope,  or  FFM,  all  prealarms  will  be  placed  In 
an  "ON"  condition  to  further  Indicate  communications  trouble. 

Errors  are  also  detected  by  the  six  I»040  microprocessors  at  the  FU 
ends  of  these  communications  line.  These  y.p.'s  send  reports  of  their 
errors  to  the  ATCT  p.p.  to  be  "debounced"  as  described  above.  These 
received  error  reports  will  affect  their  own  ATCT  error  counters.  The 
additional  six  error  counters  required  for  this  make  up  half  of  the  12 
counters  mentioned  above.  These  remotely- reported  errors,  together  with 
their  priority  numbers  are  given  below: 


Priority 

0 


Message 


1 

2 

3 

4 

5 

6 

7 

8 
9 


System  go. 

A/D  overflow— DDM  3 
A/D  overflow— DDM  2 
A/D  overflow— DDM  1 
A/DC  error  reported. 
Receiver  overrun  reported 
Framing  error  reported 
Data  error  reported 
Parity  error  reported 
Field  unit  was  reset 
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^ I 


•^<4  • 


Priority 

Message 

11 

Wrong  ID  bits  at  FU 

12 

RC  data  Interruption  noted 

13 

RC  carrier  reported  lost 

lA 

FU  error  during  self-test 

15 

FU  PROM  checksum  error 

E.  Performance  Rating  Time  Delays 

The  ATCT  y.p.  makes  Its  own  Judgement  of  the  ILS  performance  category 
Independently  of  the  remote  control  panel  circuitry.  Three  of  the  status 
signals  Involved  In  a category  determination  are 
CAT  Ml  DISABLE  (from  FFM) 

ABNORMAL  P/E  (from  localizer) 

ABNORMAL  P/E  (from  G.S.) 

A change  In  the  CAT  III  DISABLE  signal  to  a "bad  news"  state  will  be 
tolerated  by  the  ATCT  y.p.  for  up  to  70  seconds  before  a TV  monitor  screen 
downgrade  from  "CATEGORY  3"  to  "CATEGORY  2"  Is  made.  Further,  a change  In 
either  of  the  ABN-P/E  statuses  to  a "good  news"  condition  must  be  maintained 

for  2 seconds  before  a TV  monitor  screen  upgrade  to  "CATEGORY  3"  Is  made. 

Note  that  these  "TV  monitor  screen"  delay  times  will  not  affect  the 
delays  already  built  Into  the  ILS  status  and  remote  control  panels.  Thus, 
there  will  be  no  effect  on  the  operation  of  the  performance  rating  lamps 
on  these  panels. 
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CHAPTER  IX 


THE  COMPUTERS 

At  each  of  the  seven  locations  of  the  tone-signal  1 1ng  system,  there  Is 
a small  computer  controlling  the  sending  and  receiving  of  status  and  control 
signals.  The  microcomputers  at  the  field  units  are  manufactured  by  Pro-Log^ 
and  are  based  around  Intel's  kOkO,  The  unit  at  the  ATCT  Is  a Digital  Equip- 
ment^ LSI-II  microcomputer  which  has  the  Instruction  set  of  one  of  their 
popular  minicomputers,  the  PDP-II/40.  When  packaged  In  a case  with  power 
supply,  the  LSI-II  Is  sometimes  called  a PDP-II/03. 

There  were  two  programs  written  for  this  project.  In  the  appendices 
where  the  programs  are  explained  (D  & E),  they  are  referred  to  as  the  Snow 
White  program  (LSI-II)  and  the  Dwarf  program  (l»0l»0).  (The  complete  software 
system  Is  then  Snow-White  and  the  Six  Dwarfs,  with  our  apologies  to  Walt 
Disney). 

A.  Intel's  4040  ' 

The  Intel  4040  Is  a 4-bIt  PMOS  microprocessor  using  a two-phase  high 
level  clock,  two  power  supplies  (-^S,  ~ID  volts),  with  a basic  Instruction 
time  of  approximately  II  microseconds.  It  Is  an  Improved  version  of  the 
4004  with  24  Index  registers,  60  Instructions,  Interrupt  capability,  and 
a seven-level  stack  for  subroutine  calls. 

As  Implemented  on  the  Pro-Log  card,  the  microcomputer  Includes  1280 
elght-bit  words  of  program  memory  on  5 CI702A  PROM's,  80  four-bit  nibbles  of 

' Pro-Log  Corporation,  852  Airport  Road,  Monterey,  California  93940 
^ Digital  Equipment  Corporation,  Maynard,  Massachusetts  01754 
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data  memory  on  one  4002-1  RAM,  and  sixteen  bits  of  TTL  Input  and  output 
(each).  Additional  Information  Is  Included  on  the  data  sheets  and  schematics 
(next  two  pages  and  Figures  35  & 36). 

Because  this  board  Is  relatively  Inexpensive,  the  normal  repair  pro- 
cedure would  simply  Involve  replacement.  If  the  time,  test  equipment  (DVM 
and  good  digital  oscilloscope),  and  spare  parts  are  available,  the  following 
procedure  should  Isolate  the  problem: 

(1)  Check  the  two-phase,  high-level,  non-overlapping  clock  for  proper 
operation.  If  defective,  replace  UI2,  the  4201. 

(2)  Remove  all  PROM's  from  the  board.  With  the  oscilloscope,  check  the 
4040's  4 bus  lines  for  activity  and  the  4289' s address  lines  for  square 
waves  Indicating  that  the  processor  Is  addressing  each  of  the  4096 
program  memory  locations  In  succession.  If  not,  replace  either  the 
4040  or  4289  or  both. 

(3)  Place  the  test  PROM  (left  with  NAFEC  personnel)  Into  socket  0,  This 
program  periodically  writes  and  reads  to  each  of  the  4 Input  and  out- 
put ports.  Check  the  operation  of  the  strobes.  Input  multiplexers,  and 
output  latches.  The  output  ports  should  have  low  frequency  square 
waves  present. 

(4)  If  steps  1 - 4 do  not  Isolate  the  problem.  It  Is  a serious  one  and  the 
card  should  be  replaced. 

Note  the  procedure  outlined  above  applies  only  to  a non-functlonal  micro- 
computer card.  A more  general  troubleshooting  section  was  described  In 
Chapter  VII. 


95 


i 


O^i 


Ud 


FIG  35 : PRO-LOG  CPU 
CARD  SPECIFICATIONS 


4040  EDGE  CARO  SYSTEMS 

PLS44V( 


A programmable  logic  system  which  implements  the  1*0^0  Microprocessor  into  a work- 
ing system  with  CPU,  ROM  program  memory,  RAM  register  storage  and  I/O  on  a single 
card.  The  PLS-i»Al  organization  provides  for  reasonable  program  and  I/O  capacity  to 
give  the  lowest  cost  approach  to  investigating  PLS  technology. 


FEATURES 

• Single  card  programmed  logic  system  for  protypes  or  production 

• 1280  words  of  ROM  program  memory  capacity  (5  ROMs) 

• 6i*0  characters  of  RAM  register  storage  (8  RAMs) 

• Four  output  ports  (16  lines) 

• Four  input  ports  (16  lines) 

• One  RAM  output  port  (4  lines) 


EDGE  CONNECTOR  PIN  LIST 


PIN  NUMBER 


SIGNAL  FLOW  I SIGNAL  FLOW 


SIGNAL  I SIGNAL 


♦5  VOLTS 


Gf^OUND 


-10  VOLTS 


iMmitmiiiiii 


IBMIHIBBill 

I BUM  iM  IB  EMI 

linUBIHIIMMlill 

IBMIBHIIEMI 
IBBMfflHIiilinil 
limBlQlEMI 
|B!IMHf=iEii™i 

IBlIMBlEyEMI 

I ESESlflMEMm  iEl  EM  I 


HMEHEHMII 

IBMBJBIMWI 

IMlMKHmH 
HIMfHgHMMI 
IIIMEElEyWfll 
HMEHEDKlIil 
IIHUIEBBEII 
imESEBI 
ihmeqebi 

I DM Bl  EDI 
HIM  Ba  ED  EMI 
IBM  B3  BO  EMI 
IBMtgiigtilBil 


PLS’441  ONE-CARD  SYSTEM 
SPECIFICATIONS 


Card  Dimensions 

k.5  inches  high 
6.5  inches  iong 

0.1*8  inch  maximum  profiie  thickness 
0.062  inch  printed  circuit  board  thickness 

Includes 

Card  ejector 
One  kOkO  CPU 

One  i*002  RAM  and  eight  RAM  sockets 
and  five  ROM  sockets 

Master  power-on  and  external  reset  circuit 

Crystal  clock  circuit 

Four  TTL  output  ports  (16  lines) 

Four  TTL  input  ports  (16  lines) 

One  MOS  output  port  (4  iines) 

CPU  Test  input  (MOS) 


Maximum  Systems  Capabilities 

Eight  1*002  RAMs  (61*0  four  bit  characters) 

Five  1302,  1602  or  1702  ROMs  (1280  words  of  program  memory) 
20  output  1 i nes 

16  TTL  port  1 ines 
1*  MOS  RAM  port  lines 

16  TTL  input  1 ines 


Instruction  Execution  Capability 

Capable  of  executing  all  of  the  1*01*0  CPU  Instruction  except  for  OCL  and  WPM 
1 1 . 2 microseconds  instruction  execution  time 

Logic  Levels  Of  External  Connections 

Low  Level  active 

TTL  Port:  TTL  compatibility  and  loading 

MOS  Input:  TTL  compatibility 

MOS  Output:  Drive  capability,  one  LPTTL  or  one  TTL  load  with  12K 

pull-down  to  -VDD 

Power  Requirements 

+VCC  “ +5  volts  5^@  700  mA  maximum  fully  loaded  (30  mA  per  RAM,  35  mA  per  ROM) 

GND  > 0 volts 

-VOD  “ -10  volts  5%^  500  mA  maximum  fully  loaded  (30  mA  per  RAM,  35  mA  per  ROM) 

Connector  Requirements 

56  pin,  28  position  dual-readout  on  0.125  centers 


PRO-LOG 


CORPORATION  852  Airport  Road  • Monterev,  California  93940 


100965  7/75  97 


TWX:  910-360  7082 
Phone:  (408)  372-4593 
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B»  DEC'S  LSI-Il 

The  LSI-I)  is  a single  board,  l6-bit  microcomputer  capable  of  execut- 
ing the  PDP-1T/40  instruction  set  (including  floating  point  instructions). 
The  microprocessor  itself  is  a microprogrammed  machine  consisting  of  five 
N-channel  MOS  chips.  The  microcode  stored  on  three  of  these  chips  allow  the 
microprocessor  to  emulate  the  PDP-11/40  and  to  execute  built-in  routines  for 
on-line  debugging  (ODT),  operator  Interfacing,  and  bootstrap  program  loading, 

On  this  same  LSI-11  board  is  also  available  a l6-bit  parallel  input/ 
output  (I/O)  bus  (for  communication  with  other  boards  plugged  into  the  same 
backplane),  4096  words  of  MOS  random  access  memory  (RAM),  a real-time  clock 
input  (ultimately  tied  to  the  60  hz  line  so  that  the  computer  can  keep  track 
of  time),  and  a power-fai I/auto-restart  capability  (that  enables  the  machine 
to  continue  program  execution  after  a power  failure  has  passed).  The  LSI-11 
microcomputer  installed  at  the  NAFEC  control  tower  was  ordered  with  4096 
words  of  magnetic  core  RAM  In  place  of  the  above  mentioned  MOS  memory.  This 
allows  temporary  data  variables  to  remain  unchanged  during  power  failures. 

Plugged  into  the  same  backplane  as  the  LSI-11  board  are: 

1)  two  programmable  read-only  memory  (PROM)  boards,  each  holding 
4096  words  of  permanent  storage.  Here  resides  thd  Snow-White 
program  described  in  Appendix  D; 

?.)  one  serial  Interface  board  which  allows  the  LSI-11  to  communicate 
with  the  operator  keyboard  and  monitor  screen; 

3)  one  16-bit  parallel  interface  board  providing  a data  path  between 
the  LSI -11  and: 

a)  the  six  field  unit  modems, 

b)  the  ATCT  cab  cycle  pushbuttons,  and 

c)  all  ILS  status  and  maintenance  monitor  lamps  within  the 
ATCT  building. 
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When  the  PDP-11/03  HALT  switch  (on  the  front  panel)  Is  depressed,  nor- 
mal program  execution  ceases.  In  Its  place,  the  LSI-11  executes  a butit-ln 
routine  known  as  OOT,  ODT  prompts  the  operator  for  commands  by  displaying 
the  character  on  the  monitor  screen.  Using  the  keyboard,  the  operator 
may  now  examine  any  memory  location,  load  Information  Into  any  core  memory 
location,  examine  the  contents  of  any  of  the  eight  LSI-II  registers,  or  begin 
execution  of  a program  beginning  at  any  point  throughout  memory.  Other  ODT 
commands  exist.  All  of  them  are  documented  In  Section  7.3  of  the  "LSI-II, 
PDP-II/03  Processor  Handbook"  published  by  Digital  Equipment  Corporation. 

A copy  of  this  handbook  was  supplied  to  NAFEC  personnel  by  the  contractor. 

ODT  will  necessarily  be  used,  for  example,  to  load  and  operate  the  nibble 
check  sum  routine  described  In  Appendix  H. 

The  LSI-11  microcomputer  Is  a very  sophisticated  device  whose  repair 
should  be  undertaken  by  Digital  Equipment  Corporation  servicemen  only.  The 
least  expensive  repair  procedure  for  the  serial  interface,  parallel  inter- 
face, or  PROM  boards  will  likely  be  replacement.  (A  spare  serial  interface 
board  was  provided  by  the  contractor.)  The  64  PROM  chips  socketed  on  the 
PROM  boards  can  be  checked  for  program  Integrity  by  using  the  nibble  check 
sum  routine  In  Appendix  M,  Loading  this  routine  manually,  then  executing 
it  on  all  64  PROM  chips  takes  less  than  one  man-hour.  If  It  Is  found  that 
the  contents  of  one  or  more  of  these  chips  has  changed,  a new  3627.  chip 
(512  by  4)  may  be  ordered  from  an  Intel  distributor.  He  will  program  the 
memory  chip  with  the  contents  prescribed  on  a paper  tape  provided  by  the 
customer.  One  paper  tape,  punched  In  the  standard  Intel  "BNPF"  format, 
was  provided  MAFEC  (by  the  contractor)  for  each  of  the  64  PROM  chips. 

Digital  Equipment  Corporation  schematics  of  all  boards  currently  plugged 
Into  the  PDP-11/03  backplane  were  passed  on  to  NAFEC  by  the  contractor. 
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CHAPTER  X 


CONCLUSIONS 

At  this  writing,  the  system  described  In  this  report  has  been  Installed 
and  In  constant  2k  hour/day  use  for  over  a year.  It  has  demonstrated  a 
practical  solution  to  both  the  false  signalling  problem  and  lightning 
damage  problem.  In  fact,  the  majority  of  suggestions  concerning  Improve- 
ments to  the  system  have  centered  around  additional  ways  to  use  the  com- 
puting and  logging  facilities. 

The  use  of  properly  balanced  lines.  Isolation  transformers,  and  surge 
protectors  has  stopped  damage  to  equipment  caused  by  lightning  strikes  In- 
ducing high  voltage  and  current  pulses  on  signal  lines.  Of  course,  no 
amount  of  protection  can  protect  against  direct  strikes. 

There  was  one  case  of  lightning  damaging  the  microcomputer  and  asso- 
ciated ILS  equipment  during  this  period.  There  Is  considerable  evidence 
In  this  case  to  Indicate: 

(1)  The  lightning  entered  on  the  120  VAC  lines. 

(2)  A surge  arrestor  on  the  120  VAC  lines  was  not  properly  Installed  and 

hence  did  not  protect  the  equipment. 

The  tone  signalling  system  with  Its  comprehensive  data  error  checking 
(redundancy,  parity,  CRC,  etc.)  has  eliminated  the  false  signalling  problem 
In  the  old  system.  Where  the  old  alarm  system  was  either  disabled  or  Ig- 
nored because  greater  than  SS%  of  the  alarms  were  caused  by  noise,  the  new 
system  virtually  guarantees  that  an  alarm  Is  due  to  a condition  requiring 
Immediate  attention. 

Although  It  Is  much  more  complex  than  the  old  system,  the  microcomputer 
architecture  demonstrated  here  Is  cost  effective.  This  Is  due  primarily 


to  the  cost  of  the  100  plus  burled  and  leased  lines  In  the  old  system  which 
are  replaced  by  six  balanced  pairs.  Cables  buried  at  most  airports  are 
normally  already  being  used  with  few  spare  wires  available.  The  cost  of 
copper  and  labor  required  to  bury  new  cables  have  easily  outpaced  Inflation 
over  the  past  few  years.  Even  worse,  wires  with  DC  continuity  as  required 
by  the  old  system  are  no  longer  available  from  some  telephone  companies. 
(TELCO  lines  are  usually  leased  for  at  least  the  middle  and  outer  markers). 

Maintenance  costs  are  also  decreased  because  of  reduced  damage  by 
lightning.  Despite  the  greatly  Increased  complexity,  the  system  Is  easy 

[ 

t to  maintain  because  of  human  engineering  which  allows  testing  and  repair 

(down  to  the  circuit  card  level)  without  test  equipment. 

Finally,  the  value  of  a reliable  system  here  cannot  be  measured  in 
dollars  alone.  Human  lives  depend  on  the  proper  operation  of  Instrument 
Landing  Systems  In  all  kinds  of  weather  and  at  all  times  of  the  day.  An 
ILS  which  produces  false  alarms  distracts  air  traffic  controllers  from 
their  Job.  An  ILS  whose  transmitters  may  be  cycling  on  and  off  randomly 
because  of  a nearby  thunderstorm  Is  failing  when  It  is  needed  the  most. 

Suggestions  for  future  systems  can  be  divided  Into  two  categories: 
the  field  units  and  the  ATCT  unit.  The  use  of  an  eight  or  twelve-bit 
CMOS  microcomputer  at  the  field  units  would  eliminate  most  of  the  problems 
associated  with  the  high  power  consumption  and  temperature  limitations  of 
the  current  units.  The  l»-blt  PMOS  units  were  the  only  practical  choice 
In  197^  when  this  project  was  Initiated. 

In  a complete  system  the  Digital  Equipment  Corporation's  PDF  11/03 
Is  still  a good  choice  for  the  ATCT.  Two  Improvements  at  this  location 
would  Include  elimination  of  the  control,  status,  and  monitor  panels  In 
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favor  of  the  CRT  display  and  enhancements  to  the  logging  function  to  In- 
crease communication  between  personnel,  decrease  paperwork,  and  Increase 
maintenance  data.  The  current  system  was  designed  to  help  study  the 
operation  of  the  communication  system,  not  the  ILS  as  an  entity. 
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Appendix  A 


How  to  Power-up  the  ATCT  Tone-S Iqnal 1 Inq  Sys tem 

1.  Plug  In  (1 15  VAC)  the  terminal  electronics  uni t located  behind  the  keyboard. 

2.  There  are  five  slide  switches  located  on  the  right  end  of  the  terminal 
electronics  unit  (as  viewed  from  the  rear  of  the  rack).  These  are  lettered 

(Power  switch),  “SI",  “S2“,  "S3"  and  "Si*",  All  these  switches  should 
be  in  the  "ON"  position  except  "SI".  These  switches  are  arranged  in  a 
column  on  the  end  of  the  terminal  electronics  unit,  with  "S(J)"  at  the  bottom 
(of  the  column)  and  Si*  at  the  top.  Thus,  all  switches  should  be  slid  toward 
the  front  of  the  rack  except  for  that  switch  which  Is  In  the  "next-to-the- 
bottom"  position  (SI).  It  should  be  slid  toward  the  rear. 

3«  The  monitor  (TV)  unit  Itself  should  be  plugged  In.  A switched  socket  is 
available  for  this  on  the  end  of  the  terminal  electronics  unit. 

I*.  The  "PULL-ON"  switch  toward  the  upper-right  corner  of  the  monitor  (as 
viewed  from  the  front)  should  be  actuated. 

5.  The  tone  signalling  unit  (positioned  immediately  above  the  keyboard)  should 
be  plugged  in  (115  VAC). 

6.  All  switches  on  the  front  panel  of  the  PDP-11/03  should  be  placed  in  their 
lower  positions. 

7.  The  PDP-II/03  should  now  be  plugged  in.  Us  rear  AC  power  switch  should  be  on. 

8.  The  tone  signalling  unit  power  switch  (at  its  rear)  should  be  placed  "ON". 

9.  Assuming  the  terminal  has  had  time  to  warm  up,  lift  the  "DC  - ON  - OFF" 
switch  on  the  PDP-11/03  front  panel. 

10.  If  you  wish  to  start  up  the  "SNOW-WHITE"  program,  consult  the  "Software 
Reset"  Instructions,  Appendix  B. 
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Appendix  B 


How  to  do  an  ATCT  "Software  Reset" 


The  "Software  Reset"  (SR)  can  be  carried  out  to: 

1.  Start  up  the  SNOW-WHITE  program  from  a dead  start  after  a "disastrous" 
occurance. 

2.  Force  a self-test  of  all  modems  for  maintenance  purposes. 

A SR  Is  carried  out  as  follows; 

1.  Make  sure  the  ATCT  hardware  has  been  powered  up  as  described  under 
"Power-up  Procedure." 

2.  The  most  recent  character  typed  on  the  terminal  screen  should  have 
been  a "g"  sign.  If  not,  type  RETURN  to  get  this  "g." 

3.  Type 

I»6570; 

I».  Lift  the  ENABLE-HALT  switch  (on  the  PDP-II/03  front  panel)  to  Its 
upper  position. 

5.  Type 

G 

6.  The  computer  will  begin  execution.  During  the  first  five  seconds,  or 
so,  the  modem  self-tests  will  be  carried  out.  During  this  time,  nothing 
will  be  placed  on  the  screen. 

7.  After  this  delay,  the  "status"  frame  will  be  written  on  the  screen.  If 
any  of  the  modems  tied  to  the 

a.  localizer 

b.  glide  slope 

c.  Inner  marker 

d.  middle  marker 

e.  outer  marker 

balanced  lines  falls  the  self  test,  a message  will  be  placed  at  the 
left  on  the  second  line  of  the  status  display  associated  with  that 
field  unit. 


8.  Type 


L 

then  the 

return' 

key  to  examine  the  log.  If  the  FFM  modem  failed  Its  self  test^  a 
message  will  be  placed  here  Indicating  so. 

9.  Type 

S 

to  re-dlsplay  the  status  Information  frame. 

10.  Lift  the  "LTC"  switch  on  the  front  panel  of  the  PDP-11/03.  This  will 

t 

start  the  SNOW-WHITE  system  time  clock. 
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Appendix  C 


The  Meaning  of  a Watchdog  Reset 

A 1/2  hertz  osc  II I a tor,  located  on  the  Interface  card,  provides  a computer  "Reset" 
signal  once  every  2 seconds.  This  resetting  action  Is  very  similar  to  a 
"software  reset"  In  that  It  "re-starts"  SNOW-WHITE  from  scratch  (although  It 
does  not  erase  the  log).  To  avoid  this  resetting  action,  the  computer  must 
send  a re-trIgger  pulse  to  a one-shot  multivibrator  (also  located  on  the 
Interface  card)  at  least  once  every  1 1/2  seconds.  (The  retrIgger  pulse 
Itself  takes  1/2  second' of  the  total  2 second  oscillator  Interval.)  Thus, 
a watchdog  reset  can  occur  should  SNOWWHITE  become  trapped  In  an  unintentional 
"Infinite  loop",  or  otherwise  become  confused. 

A drop  In  the  115  VAC  line  voltage  causes  a "power  fall"  routine  to  be 
executed  Immediately  before  total  power  loss.  At  power  return,  this  routine 
will,  in  turn,  cause  a watchdog  reset  to  be  executed. 
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Detailed  Description  of  PDP-H/03  Software 
The  "MAIN"  Programs 

In  the  following,  the  phrase  "sequence  of  code"  will  sometimes  be  used 

to  refer  to  a contiguous  sequence  of  computer  Instructions. 

The  complete  "Snow  White"  Program  consists  of  a number  of  routines. 

These  routines  may  be  broken  up  Into  two  different  types:  sub-routines  and 
co-routines.  Subroutines  should  be  familiar  to  any  programmer.  They  may 
be  called  by  any  calling  routine  that  desires  to  make  use  of  that  subroutine's 
functions.  In  theory,  a co- routine  may  also  be  called  by  any  other  subprogram. 
However,  the  calling  procedure  Is  somewhat  different.  Normally,  when  calling 
a subroutine,  one  calls  the  routine  at  the  start  of  its  function  and  expects 
that  function  to  run  to  completion  before  the  subroutine  returns  control  to 
the  original  calling  program.  A co-routine,  however,  may  be  called  at  any 
point  In  Its  function  designated  by  the  programmer  and  will  not  necessarily 
complete  its  entire  task.  Rather,  it  may  execute  a portion  of  that  task  and 
then  return  control  to  the  calling  program.  Later,  the  calling  program  may 
once  again  call  up  the  co-routine  and  ask  it  to  continue  executing  at  the 
very  point  where  It  previously  left  off.  There  may  be  any  number  of  computer 
control  exchanges  between  the  calling  program  and  the  co-routine  before  the 
co-routine  tray  finally  be  said  to  have  completed  its  task.  The  instruction 
used  to  call  a co-routine  is^'JSR  PC,  @(SP)'*'"* The  action  of  this  rather  odd 
looking  Instruction  Is  to  exchange  the  contents  of  the  computer's  program 
counter  with  the  contents  of  the  location  currently  pointed  to  by  the  computer's 
stack  pointer.  Thus,  to  be  sure  that  we  reach  our  desired  destination,  we  must 
first  place  on  the  stack  the  address  of  the  co-routine  entry  point  where  we 
wish  to  begin  or  resume  co-routine  execution.  The  co-routine  may  now 
execute  for  as  long  as  It  wishes  after  which  It  should  execute  another 
"co-routine  call"  Instruction.  This  will  return  us  to  the  calling  program. 
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The  calling  program  should  now  remove  from  the  stack  the  address  deposited 
there  as  a result  of  the  co-routine  caVI  instruction.  It  should  place  this 
address  in  safe  keeping  In  order  to  make  use  of  the  address  at  the  next 
occasion  when  It  wishes  to  retorn  control  once  again  to  the  co-routine. 

The  Snow  White  Program  requires  that  a number  of  processes  be  serviced 
very  frequently  In  a "round  robin"  fashion.  Furthermore,  It  requires  that 
some  of  these  tasks  be  called  much  more  frequently  than  others.  The  backbone 
of  the  Snow  White  Prograti\  which  is  to  say  the  program  that  does  the  round 
robin  co-routine  calling,  is  the  "TASK  MASTER."  The  TASK  MASTER  will  call 
in  a prescribed  order  each  of  the  co-routines  present  in  the  Snow  White 
Program.  When  control  Is  returned  from  the  co-routine  to  the  TASK  MASTER, 
the  address  at  which  control  was  relinquished  will  be  stored  by  the  TASK 
MASTER  In  one  of  five  arrays  called  LEVI , LEV2, . . . ,LEV5.  Later  when  the 
co-routine  is  to  be  re-called,  the  address  where  we  may  resume  execution  of 
the  co-routine  may  thus  be  found  In  one  of  these  arrays.  Those  routines 
that  should  be  called  most  frequently  are  stored  in  the  LEVI  array.  Those 
that  should  be  called  next  most  frequently  are  stored  in  the  LEV2  array. 

And  finally  those  routines  that  need  service  least  frequently  have  their 
co-routine  call  addresses  stored  In  the  LEVS  array.  The  calling  order  of 
these  subroutines  is  similar  but  not  identical  to  the  nesting  of  DO  loops  in 
a FORTRAN  routine.  The  TASK  MASTER  is  the  first  routine  In  the  group  of 
routines  labeled  "MAIN."  The  TASK  MASTER  begins  with  the  Instruction  labeled 
TASK. 

The  second  routine  listed  in  the  "MAIN"  grouping  is  called  SOFTX.  This 
routine  is  used  only  during  unusual  circumstances.  It  is  a software  initialize 
or  reset  routine  that  sets  certain  sensitive  variables  in  the  Snow  White 
Program  to  initial  values.  It  is  used  as  an  entry  point  during  the  installation 
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procedure.  It  may  be  also  called  automatically  when  certain  "disastrous" 
conditions  arise.  For  example,  due  to  a power  failure  or  possibly  an  un- 
discovered software  bug,  the  computer  may  "trap"  to  one  of  the  trap  vectors 
at  the  low  end  of  core.  Here  It  will  pick  up  an  address  Indicating  where  It 
should  transfer  control  to  under  these  trap  conditions.  These  addresses  are 
loaded  with  the  entry  point  of  this  software  Initialize  routine.  After 
initializing  a few  variables,  the  SOFTX  routine  then  calls  the  so-called 
DOG  routine.  The  DOG  routine  Is  the  watchdog  Interrupt  routine.  This  routine 
also  initializes  a number  of  sensitive  variables  used  by  Snow  White.  In 
addition,  it  sets  up  the  trap  vectors  In  low  core  previously  mentioned.  Also 
it  sets  up  the  Initial  co-routine  entry  point  addresses  in  the  various  LEV 
arrays  mentioned  earlier. 

This  watchdog  routine  is  also  called  under  unusual  circumstances. 

On  the  Interface  card  In  the  printed  circuit  boaed  drawer,  one  will  find  the 
watchdog  reset  relay  which  If  It  is  not  reset  by  the  Snow  White  Program  will 
after  a second  and  a half  cause  the  computer's  transfer  of  control  to  be 
made  to  the  entry  point  DOG.  Here  the  various  variables  requfred  to  be 
initialized  are  so  Initialized,  the  nf»dems  are  reprogrammed,  and  also  self- 
tested.  If  the  self-test  of  any  modem  discovers  a modem  failure,  this 
will  be  noted  In  the  Snow  White  log. 

An  important  difference,  though  not  the  only  one,  between  the  SOFTX 
routine  and  the  DOG  routine  Is  that  the  SOFTX  routine  will  cause  the  clearing 
of  the  log  maintained  by  Snow  White.  However,  an  entry  point  to  the  DOG 
routine  without  first  executing  the  SOFTX  routine  will  not  cause  a log 
erasure.  Rather,  It  will  cause  a single  entry  to  be  made  to  the  log  indi- 
cating that  a watchdog  reset  was  executed.  No  such  entry  is  made  in  the  case 
of  a call  to  SOFTX  first.  Rather,  a message  indicating  that  a software  initiali 
was  performed  Is  made. 


The  two  final  routines  listed  In  the  "MAIN"  grouping  are  the  PWRON 
routine  and  the  PWRUP  routine.  These  two  small  subprograms  are  made  use  of 
during  an  AC  power  failure  or  power  resumption  after  such  a failure.  During 
a power  failure,  and  after  a power  resumption,  the  action  of  these  two  routines 
In  tandem  Is  to  cause  a program  Jump  to  be  made  to  the  DOG  routine.  Thus,  when 
{ one  sees  a watchdog  reset  entry  in  the  Snow  White  log,  there  exists  the 

possibility  that  this  was  not  caused  by  the  watchdog  relay  on  the  Interface 
card,  but  rather  that  a 110  volt  power  failure  occurred. 

The  "MODEM"  Routines 

1 

There  are  six  modems  located  In  the  printed  circuit  board  drawer, 
j These  handle  all  transmissions  to  and  receptions  from  the  Dwarves;  that  Is 

the  field  units  located  around  runway  13.  It  Is  the  function  of  the  routines 
In  the  MODEM  grouping  to  drive  these  modems  to  handle  receptions  or  trans- 
t missions.  The  first  routine  Is  £ co-routine  entitled  MODRCV.  This  co-routine 

takes  care  of  any  receptions  that  have  been  made  from  a field  unit  (dwarf) 
to  the  air  traffic  control  tower  (Snow  White).  This  co-routine  first 
examines  the  "Interrupt"  lines  coming  Into  the  computer  from  the  modems. 

If  any  of  these  lines  is  a logical  "I"  after  preprocessing,  then  apparently 
the  particular  modem  assigned  to  that  line  requires  some  sort  of  service. 

I 

Only  two  types  of  service  can  be  requested;  The  normal  type  is  the  service 
requested  whenever  a frame  has  been  received  from  a field  unit.  The  second 
type,  which  occurs  under  only  abnormal  conditions.  Is  a service  requested  with 

I the  loss  of  carrier  from  the  respective  field  unit.  This  co-routine  will 

check  to  determine  which  of  the  two  service  conditions  is  being  requested. 

In  either  case  It  will  first  read  the  modem  status  register  to  determine 
If  any  error  has  occurred  during  reception.  The  errors  possible  are  a 
loss  of  carrier  (DCD)  as  mentioned  above.  Other  errors  include  a parity 
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error  detected  by  the  modem,  a framing  error,  or  an  overrun  error.  If  anyone 
of  these  errors  has  occurred,  an  entry  will  be  made  by  Snow  White  In  the 
program  log.  If  none  of  these  errors  has  occurred,  then  the  modem  receive 
register  will  be  read  by  this  co-routine.  The  co-routine  will  Increment 
a count  assigned  to  this  field  unit  receiver  to  determine  whether  or  not 
this  Is  the  last  frame  expected  In  a complete  block  of  Information  to  be 
received  from  a field  unit.  For  example,  receptions  from  the  far  field 
monitor  should  consist  not  of  a single  frame  but  rather  of  eight  frames 
In  a complete  block.  If  this  frame  Is  not  the  last  frame  expected  In  a 
complete  block,  then  an  exit  Is  made  from  this  co-routine  after  all  such 
modem  Interrupts  have  been  serviced.  If  this  frame  Is  the  last  frame 
expected  In  this  block,  further  processing  of  the  block  of  frames  Is  now 
made  by  this  co-routine.  The  first  such  check  made  Is  a check  on  the 
CRC  code  attached  to  the  end  of  the  block.  At  high  level  of  confidence 
may  be  gained  In  the  successful  reception  of  a block  of  Information  If 
this  CRC  code  can  be  verified.  This  verification  Is  handled  by  the  last 
routine  In  the  MODEM  grouping.  The  title  of  this  routine  Is  CRC.  If  the 
CRC  code  falls  to  check,  then  an  entry  will  be  made  In  the  log.  If  It  does 
check,  then  a successful  reception  has  probably  been  made.  However,  further 
checks  are  made.  The  next  Is  a check  of  the  ID  bits  In  this  block.  The 
localizer  has  an  Identification  code  of  1,  the  glide  slope  has  an  Identification 
code  of  2,  all  the  way  up  to  the  far  field  monitor  which  has  an  Identification 
code  of  6.  The  computer  Is  aware  of  which  modem  It  has  received  Information 

from  and,  therefore,  which  field  unit  should  have  made  the  transmission.  The 
ID  affixed  to  this  block  should,  therefore,  be  the  same  as  the  ID  associated 
with  the  modem.  If  It  Is  not,  then  possibly  crosstalk  or  crossing  of  wires 
has  occurred.  A successful  ID  check  Is  followed  by  a check  of  the  ACK/IIAK 
bits  also  placed  In  this  block.  If  these  bits  do  not  appear  In  one  of  two 
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prescribed  patterns,  then  once  again  an  error  entry  will  be  made  In  the  log. 
After  all  these  checks  have  been  made,  we  may  be  sure  that  a successful 
reception  has  been  completed.  Information  received  from  the  field  unit 
Is  now  placed  In  various  locations  In  the  core  memory  of  the  computer. 

There  Is  a special  sequence  of  code  used  by  the  markers,  another  special 
sequence  of  code  used  by  the  localizer  or  the  Glide  Slope,  and  thirdly, 
there  Is  a final  section  of  code  reserved  exclusively  for  the  distribution 
of  the  data  received  from  the  far  field  monitor. 

The  MODTRN  co-routine  handles  transmissions  to  the  various  field  units. 
That  is.  It  drives  the  transmitters  of  the  modems.  It  places  transmission 
requests  made  by  other  routines  in  the  Snow  White  Program  In  a job  queue. 

This  queue  Is  unloaded  by  the  co-routine;  and  Its  information  Is  distributed 
Into  one  of  six  other  job  queues.  One  of  these  lower  level  job  queues  Is 
assigned  to  each  of  the  field  units.  These  lower  level  job  queues  are  then 
examined  to  determine  If  any  transmissions  are  to  be  made  to  the  respective 
field  unit,  if  so,  that  transmission  Is  made.  All  the  field  units  are  to 
receive  from  the  control  tower  a block  consisting  of  only  four  frames.  There 
is  a single  exception  to  this  and  that  is  the  localizer.  Transmissions  to  the 
localizer  consist  of  blocks  that  are  eight  frames  in  length.  Therefore,  the 
end  of  the  MODTRN  co-routine  is  taken  up  with  a small  stretch  of  code  reserved 
for  making  transmissions  to  the  localizer. 

The  "STATUS"  Routines 

The  routines  In  this  grouping  handle  the  display  of  the  various  ILS 
status  Information  on  the  air  traffic  control  tower  terminal  screen.  The  first 
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routine  here  Is  a co-routine  entitled  STACHI.  Its  function  Is  to  display 
the  status  values  of  the  primary  ILS  signals  on  the  terminal  screen.  For 
example,  the  transmitter  state  of  any  transmitting  field  unit  whether  It  be 
"MAIN|'  "STANOBYj*  or  "OFF"  will  be  displayed  by  this  co-routine.  As  a further 
example,  the  conditions  of  the  various  abnormal  power  or  abnormal  monitor 
statuses  are  also  displayed  by  this  routine.  An  additional  function  Is  the 
determination  and  display  of  the  performance  category  of  the  ILS  at  any 
given  time.  This  category  can  be  one  of  four  values.  Category  III,  Category  II, 
Link  break,  or  System  down.  The  determination  of  Category  1 1 1 or  Category  II 
performance  Is  done  Identical ly  to  the  description  made  in  Texas  Instruments  ILS 
System  Documentation.  The  Link  break  performance  category  is  displayed  at 
the  top  of  the  terminal  screen  whenever  the  loss  of  a carrier  or  no  data  has 
been  received  from  any  field  unit.  If  this^Ioss  of  carrier  or  no  data  condition 
persists  for  longer  than  four  minutes,  the  performance  category  Is  down 
graded  further  to  "System  down."  There  are  two  built-in  delays  associated 
with  the  determination  of  a Category  III  performance.  First  of  all,  should 
the  abnormal  power  condition  associated  with  either  the  localizer  or  the 
glide  slope  switch  to  an  "OK"  condition  after  previously  indicating  an 
alarm  situation,  then  the  Snow  White  Program  will  wait  two  seconds  before 
upgrading  performance  rating  from  a Category  1 1 to  a Category  III  value. 

A second  delay  type  concerns  the  so-called  "CAT  III  Disable"  condition  trans- 
mitted to  the  control  tower  from  the  far  field  monitor.  Should  this  alarm 
condition  turn  on,  it  will  be  allowed  to  remain  on  forseventy  seconds  before 
a performance  category  downgrade  is  made  from  Category  III  to  Category  II. 

The  STATLG  co-routine  takes  care  of  the  display  of  the  two  most  recent 
log  entries  on  the  tower  terminal  screen.  The  most  recent  entry  is  placed 
to  the  left  on  the  line  Immediately  below  the  statuses  displayed  for  a 
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particular  field  unit.  To  the  right  on  this  same  line  will  be  the  next 
most  recent  log  entry  associated  with  that  field  unit.  With  this  next 
most  recent  log  entry  will  also  be  displayed  the  date  and  time  at  which  the 
entry  was  made.  Ail  the  entries  made  In  the  past  for  any  field  unit  may  be 
observed  by  examining  the  log. 

The  display  of  the  41  maintenance  monitor  signals  as  well  as  other 
statuses  in  the  ILS  is  handled  by  the  STACH2  co-routine.  The  information 
displayed  on  the  terminal  screen  by  this  co-routine  includes  all  20 
maintenance  monitor  signals  currently  being  received  from  the  localizer, 
ail  maintenance  monitor  signals  (17)  currently  being  received  from  the 
glide  slope  field  unit,  and  all  4 maintenance  monitor  signals  being  received 
from  the  far  field  monitor.  The  far  field  monitor  portion  of  this  maintenance 
monitor  terminal  display  will  also  show  five  relayed  statuses  that  the 
Snow  White  Program  is  currently  passing  from  the  far  field  monitor  to  the 
localizer.  These  five  relayed  statuses  are  "Category  II  shut  down  alert", 
"Category  II  shut  down",  "Monitor  mismatch",  "Power/temperature  fail",  and 
"Far  field  monitor  bypassed".  Finally,  the  maintenance  monitor  far  field 
monitor  display  shows  the  current  values  of  the  DDM  signals  being  relayed 
from  the  far  field  monitor  to  the  localizer.  These  DDM  signals  are  displayed 
on  the  screen  in  microamp  values. 

The  date  and  the  time  being  maintained  by  the  Snow  White  Program  are 
displayed  prominently  at  the  top  of  the  status  frame  mentioned  above  as  well 
as  at  the  top  of  the  maintenance  monitor  frame. 

The  display  of  the  DDM  values  mentioned  previously  is  handled  by  a 
separate  co-routine  entitled  DDMDSP.  This  Is  the  last  co-routine  in  the 
STATUS  routine  grouping.  The  DDM  values  are  transmitted  to  the  control 
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tower  as  eight  bit  binary  values  inciuding  sign.  These  binary  numbers  are 
representations  of  voltage  values  sensed  by  analog  to  digitai  converters 
located  at  the  far  field  monitor.  The  control  tower  converts  these  voltage 
values  to  mIcroamp  values  by  performing  various  ari thematic  operations  in 
the  DDHDSP  co-routine.  These  microamp  values  are  then  displayed  on  the 
maintenance  monitor  frame. 

The  "Ml SC  10"  Routines 

The  routines  In  this  groupfdig  handle  such  miscellaneous  input/output 
as  reading  the  cycle  pushbuttons  located  in  the  control  tower,  retriggering 
the  watchdog,  and  sending  the  received  status  ^lues  to  the  local  ILS  status 
and  remote  control  panels.  The  first  co-routine  ffi  this  grouping  is  entitled 
PSHBUT.  It  takes  care  of  the  reading  of  the  current  status  of  the  cycle 
pushbuttons.  These  states  are  "debounced"  by  the  software.  This  is  to  say 
that  any  pushbutton  value  whether  it  be  open  or  depressed  must  exist  for  six 
consecutive  co-routine  calls  before  thBt  value  will  be  accepted  by  the 
Snow  White  software.  As  soon  as  a cycle  pushbutton  is  recognized  to  be 
depressed,  a pair  of  cycle  commands  is  sent  to  the  appropriate  field  unit 
via  the  modems.  In  addition,  if  the  status  frame  is  being  displayed,  then  a 
blinking  "CYCLE"  is  displayed  at  the  far  right  of  the  status  line 

corresponding  to  that  field  unit.  This  blinking  '*CYCLE"  will  exist  for 
approximately  five  seconds.  If  ducing  that  five  second  interval  a return 
transmission  from  the  field  unit  has  not  been  received  indicating  that  a 
change  In  transmitter  state  has  been  made,  then  the  PSHBUT  routine  will  cause 
a log  entry  to  be  made  indicating  that  no  response  by  the  field  unit  to  the 
cycle  command  was  made.  This,  of  course,  might  happen  if  the  ILS  equipment 


at  the  field  unit  were  powered  down  or  if  it  were  otherwise  operating 
improperly.  Special  code  written  into  the  MODTRN  co-routine  (described  in 
a previous  section)  will  cause  the  cycle  relay  at  the  field  unit  to  remain 
closed  as  long  as  the  corresponding  cycle  pushbutton  in  the  control  tower 
is  depressed. 

It  is  possible  due  to  equipment  failure  or  some  other  disastrous 
condition  for  the  computer  to  be  caught  in  a tight  loop  or  otherwise  perform 
improperly.  If  this  occurs,  then  certainly  the  modems  are  not  likely  to  be 
serviced,  and  communication  to  the  field  units  will  be  lost.  To  guard  against 
such  conditions,  a watchdog  reset  relay  has  been  mounted  on  the  interface 
card  in  the  printed  circuit  board  drawer  located  at  the  control  tower. 

This  relay  will  wait  a second  and  a half  between  successive  closures.  If 
during  that  second  and  a half  a reset  pulse  has  not  been  sent  from  ^he  Snow 
White  computer  to  the  watchdog  relay,  the  relay  will  engage.  The  occurrence 
of  this  relay  closure  will  cause  the  control  tower  to  make  an  entry  to  the 
DOG  routine  mentioned  above.  That  is,  a watchdog  reset  will  occur.  An  entry 
will  be  made  In  the  log  indicating  that  such  a reset  was  made.  In  order  to 


avoid  the  occurrence  of  this  resetting  operation. 


a retrigger  pulse  must 
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be  sent  from  the  computer  at  least  every  one  and  a half  seconds.  This  re- 
trigger pulse  generation  is  handled  by  the  HITDOG  co-routine. 

Status  values  received  from  the  various  field  units  must,  of  course, 
not  only  be  displayed  on  the  control  tower  terminal  screen,  but  must  also  be 
passed  onto  the  status  panel  and  the  remote  control  panels  in  the  equipment 
room  and  control  tower,  respectively.  This  relaying  operation  is  handled 
by  the  TOILS  co-routine.  Its  function  Is  to  pass  the  status  values 
on  to  various  relay  drivers  located  in  the  printed  circuit  board  drawer. 


These  drivers  will  cause  associated  relays  to  open  or  close  according  to 
their  respective  status  values.  The  relay  closures  will.  In  turn,  cause 
status  panel  and  remote  control  panel  light  Indicators  to  Illuminate. 


j 

^ The  "TRMOUT"  Co-Routine 

!) 

All  text  that  Is  to  appear  on  the  terminal  screen  passes  through  this 
co-routine.  A request  to  this  routine  to  transfer  text  to  the  screen  is 
made  by  making  two  16-bit  word  entries  in  Its  job  queue.  The  low  order  byte 
of  the  first  word  in  the  queue  indicates  under  what  conditions  this  text 
Is  actually  to  be  displayed.  For  example,  If  the  text  Is  simply  the  current 
clock  time,  then  we  would  wish  the  text  to  be  displayed  only  If  the  screen 
currently  held  either  a status  or  a maintenance  monitor  frame.  Other  frames 
that  may  be  displayed  do  not  eftew  tils  clock  time.  Therefore,  should  a clock 
intry  be  encountered  In  the  job  queue  when  one  of  these  alternate  frames  is 
being  shown,  then  we  would  like  the  clock  display  request  to  be  ignored.  The 
high  order  byte  of  the  first  word  In  a job  queue  entry  is  a count  of  the  number 
of  bytes  In  the  text  to  be  displayed.  The  second  word  in  the  job  queue  entry 
holds  the  address  of  the  first  byte  of  the  text  to  be  displayed.  Information 
which  the  TRMOUT  co-routine  is  capable  of  displaying  can  be  in  one  of  three 
forms.  First,  a plain  AS6II  format  is  readily  accepted  by  this  co-routine. 

The  second  form  of  information  is  called  M0D50  format.  In  this  format,  three 
characters  may  be  contained  in  one  16-bit  computer  word.  In  normal  ASCII  format, 
only  two  characters  may  be  stored  per  word.  In  order  to  achieve  this  50%  increase 
in  character  packing  density,  it  Is  required  that  only  a limited  number  of 
characters  be  available  for  such  packing.  The  characters  allowed  are  all  the 
alphabetic  characters,  all  the  numerals  (0  through  9),  and  a few  special 
I characters  such  as  dollar  sign  and  period.  Text  passed  to  this  co-routine  can 
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be  of  a mixed  form  containing  both  ASCII  format  as  well  as  M0050  format. 

In  order  to  Inform  the  TRMOUT  routine  of  a switch  from  one  format  to  another, 
the  dollar  sign  character  Is  used.  The  appearance  of  a dollar  sign  char- 
acter in  the  midst  of  text  to  be  transmitted  to  the  terminal  indicates  the 
dollar  sign  should  be  Ignored,  and  a switch  from  ASCII  to  H0D50  or 

vice  versa  should  be  made.  Further  characters  will  be  Interpreted  in  the 
new  format  until  a second  dollar  sign  Is  found. 

The  third  format  in  which  information  may  be  accepted  by  TRMOUT  Is  a 
so-called  "log-packed"  format.  This  format  Is  triggered  by  the  appearance  of 
a right  bracket  in  the  stream  of  text  passing  to  this  co-routine.  Upon  en- 
countering a right  bracket  character,  this  co-routine  will  interpret  the  next 
four  bytes  to  be  a special  packed  version  of  a current  date,  time,  and  source 
code  to  be  associated  with  this  data.  The  use  for  this  third  format  is  In 
displaying  the  system  log  on  the  screen. 


' ^ 

! 


The  appearance  of  an  "underline"  symbol  ( ) will  cause  the  next  two 
bytes  In  the  stream  to  be  Interpreted  as  follows.  The  first  byte  Is  a 
character  that  Is  to  be  passed  to  the  terminal  not  once  but  repeatedly. 

The  second  byte  after  the  underline  symbol  Is  to  be  Interpreted  as  the  j 

number  of  times  this  character  Is  to  be  placed  on  the  screen.  This  repeat 
feature  can  be  used  for  example  to  send  a stream  of  spaces  to  the  terminal 
In  order  to  move  the  terminal  cursor. 


The  "SERVICE"  Routines 

The  four  subroutines  in  this  package  are  commonly  called  routines 
used  throughout  the  Snow  White  Programs.  The  subroutines  named  PSHREG  and 
POPREG  are  subroutines  used  to  save  and  "unsave"  the  first  six  computer 
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registers  on  the  stack.  The  former  subroutine  (PSHREG)  is  commoniy  caiied 
by  other  routines  in  the  program  in  order  to  save  these  registers  so  that  the 
registers  may  in  turn  be  used  by  that  portion  of  the  program.  The  latter  sub- 
routine (POPREG)  is  used  to  perform  the  reverse  operation,  that  is,  registers 
previously  stored  on  the  stack  are  returned  to  the  registers  themselves. 

The  third  subroutine  BINDEC  converts  a non-negative  binary  number  to 
ASCII.  The  binary  number  Is  placed  In  a variable  called  TODEC.  This  number 
Is  assumed  to  be  less  than  100.  Two  ASCII  bytes  are  returned  to  this  same 
variable  location.  The  low  order  byte  will  contain  the  tens  digit. 

A number  of  the  co-routines  In  this  program  have  job  queues  associated 
with  them.  That  is,  any  tasks  that  they  are  to  carry  out  may  be  Indicated 
by  another  routine  placing  one  or  more  words  in  a queue  of  Jobs  to  be  done 
that  is  later  examined  by  the  routine  in  question.  For  example, the  TRMOUT  co- 
routine will  place  text  on  the  terminal  screen.  Indications  of  where  this 
text  lies  In  memory  and  how  many  characters  of  the  text  are  to  be  passed  to 
the  terminal  are  made  In  the  job  queue  called  JQTRMO. 

The  last  two  subroutines  in  the  SERVICE  package  will  automatically 
place  Information  on  a job  queue  or  remove  information  from  a job  queue. 

The  first  routine^  PUTQU^  places  information  on  a designated  job  queue. 

The  first  address  of  the  job  queue  to  receive  information  Is  placed  in 
register  5.  Then,  the  words  to  be  placed  on  the  queue  are  pushed  onto  the 
computer  Stack.  Finally,  a subroutine  call  Is  made  and  the  PUTQUE  subroutine 
performs  the  job  queue  entry. 

Later,  the  routine  or  co-routine  associated  with  this  job  queue  may  use 
the  TAKQUE  subroutine  to  remove  the  next  job  queue  entry.  This  subroutine  will 
place  the  next  entry  on  the  computer  stack,  thus  performing  the  reverse 
operation  carried  out  by  PUTQUE. 
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The  form  of  a Job  queue  Is  as  follows:  The  first  four  words  of  the 
job  queue  contain  counters  and  pointers  associated  with  the  words  that 
follow.  The  first  word  In  a job  queue  Is  two  bytes.  The  low  order  byte 
contains  an  Integer  number  Indicating  how  many  computer  words  must  be  placed 
In  the  queue  In  order  to  form  a complete  single  entry.  The  high  order  byte 
of  this  first  queue  word  Indicates  the  current  number  of  complete  queue  entries 
remaining  to  be  serviced  in  the  queue.  The  second  word  in  a queue  Is  a pointer 
indicating  the  location  of  the  first  word  6f  the  next  queue  entry  to  be  serviced 
by  the  associated  routine.  The  third  word  in  the  queue  is  also  a pointer 
Indicating  the  next  available  queue  location  open  to  receive  the  first  word 
of  a new  queue  entry.  The  fourth  word  in  the  queue  is  a pointer  pointing  to 
the  last  word  In  this  queue  storage  area.  Any  further  entries  that  would 

j 

normally  be  placed  beyond  this  last  word  will  instead  be  placed  back  up  at 
the  top  of  the  queue  storage  area  (immediately  after  the  initial  four  words) 
thus  producing  a queue  that  'Vtraps  around". 

The  TAKQUE  subroutine  will  upon  exit  cause  either  a zero  or  non-zero 
value  to  be  placed  in  register  5.  If  this  value  Is  a zero,  it  is  an  Indi- 
cation to  the  calling  routine  that  the  queue  was  found  to  be  empty  and 
therefore  no  queue  words  have  been  placed  on  the  computer  stack.  If  register 
5 is  rather  non-zero^  it  Is  an  indication  that  a further  entry  was  found  and 
that  its  associated  words  have  been  placed  on  the  computer  stack. 

The  "TIME"  Routines 

The  routines  In  this  package  carry  out  various  functions  that  enable 
the  Snow  White  Program  to  maintain  its  own  calendar  and  time.  The  first 
routine  Is  a co-routine  entitled  NEWTIH.  It  will  or  will  not  perform  its 
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function  according  as  the  variable  NEWSW  Is  non-zero  or  zero,  respectively. 

If  this  variable  Is  non-zero,  an  Immediate  exit  to  the  task  master  calling 
routine  will  be  made.  If  this  variable  Is  rather  non-zero,  then  this  co- 
routine will  examine  the  permanent  second  counter  stored  In  location  PSECND 
and  convert  this  second  count  Into  an  ASCII  version  for  display  by  the  terminal. 
Thus,  each  time  the  permanent  second  count  is  caused  to  advance  by  one,  the 
action  of  this  co-routine  will  have  to  be  triggered.  How  this  Is  done  and 
by  whom  will  be  discussed  shortly. 

In  order  to  perform  the  ASCII  conversion,  a special  subroutine  is  made 
use  of.  This  is  the  second  routine  In  this  package  entitled  HHHHSS.  Data 
input  to  this  second  subroutine  is  In  the  form  of  an  1 8-bit  second  count 
that  Is  stored  In  a two-word  entry  specified  by  the  calling  routine.  The 
least  significant  16  bits  should  previously  have  been  placed  in  Register  It, 

The  most  significant  two  bits  (that  appear  as  the  low  order  of  a second  word) 
should  have  been  placed  previously  on  the  computer  stack.  The  ASCII  version 
of  the  resulting  time  is  placed  In  a permanent  ASCII  storage  area  called 
PTIMAS.  In  addition,  this  routine  will  also  convert  the  second  count  Into  a 
special  log-packed  version  of  the  current  time.  This  version  is  always 
stored  In  a variable  PTIMLG.  This  log-packed  version  consists  again  of  I8 
bits.  These  bits  are  treated  as  three  6-bit  fields  that  are  concatenated. 

The  low  order  6 bits  are  the  binary  representation  of  the  hour  number.  The 
middle  6 bits  are  treated  as  a binary  count  of  the  minute  number.  Finally, 
the  upper  6 bits  are  taken  as  a binary  count  of  the  current  second  number. 

This  log-packed  time  Is  part  of  the  information  that  Is  tagged  at  the  beginning 
of  each  log  entry  whether  that  entry  be  made  automatically  by  the  Snow  White 
Program  or  whether  that  entry  be  a manually  entered  one. 
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Additional  information  that  ts  stored  at  the  beginning  of  each  log 
entry  includes  the  date  at  which  the  entry  was  made.  Nine  bits  are  required 
to  store  a log-packed  date.  The  low  order  four  bits  are  a binary  count  of  the 
month  number.  The  upper  5 bits  are  a binary  count  of  the  corresponding  day 
number.  Two  routines  In  this  package  that  treat  this  log-packed  date  will  be 
discussed  shortly. 

The  third  routine  in  this  groupiAg  is  called  CLKINT.  This  routine  Is 
automatically  called  whenever  a line  time  clock  Interrupt  occurs.  These 
interrupts  appear  60  times  each  second  in  synchronization  with  the  110  volt 
line  voltage.  Thus,  at  each  interrupt  call,  this  subroutine  must  increment 
a count  and  take  action  at  each  60th  call.  The  action  is  first  to  add  one 
to  the  permanent  second  counter  held  in  PSECND.  Then,  the  NEWSW  switch  Is 
set  to  a non-zero  value  so  that  later  when  the  TASK  MASTER  calls  the  NEVifriM 
subroutine,  this  new  second  count  will  be  converted  to  an  ASCII  as  well  as  a 
log-packed  verilon.  Next,  this  routine  will  determine  whether  or  not  a full 
2A  hours  worth  of  seconds  have  passed.  If  not,  an  immediate  return  from 
interrupt  Is  made.  If  2A  hours  have  passed,  then  the  permanent  second  count 
is  set  to  zero  corresponding  to  midnight.  Next,  the  14  system  time  clocks 
used  throughout  the  Snow  White  Program  are  decremented  by  24  hours  so  that 
they  may  remain  active  even  though  they  may  be  required  to  count  beyond  a 
full  24  hours  into  the  next  day.  Finally,  the  INCSW  switch  Is  set  to  a non- 
zero value  so  that  the  INCDAT  co-routine,  described  next,  will  advance  the 
calendar  date  by  one  day. 

If  the  INCSW  switch  Is  set  to  a non-zero  value,  the  INCDAT  co-routine 
will  at  the  next  TASK  MASTER  call  advance  the  system  calendar  by  one  day 
The  permanent  version  of  this  date  is  kept  in  log-packed  form  at  the  location 
PDATLG.  Also,  a permanent  ASCII  version  of  this  date  Is  maintained  in 
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location  PDATAS.  This  permanent  storage  area  requires  six  bytes  of  computer 
memory.  Given  the  log-packed  version  of  the  date,  the  MHDD  subroutine  converts 
this  date  to  an  ASCII  version  and  stores  It  In  this  permanent  location.  This 
routine  will  be  described  shortly.  The  last  operation  carried  out  by  the 
INCDAT  routine  Is  to  display  this  ASCII  date  at  the  top  of  either  the  status 
or  maintenance  monitor  frames.  Thus,  an  entry  Is  made  Into  the  TRHOUT  Job 
queue. 

If  a nIne-bIt  log-packed  date  Is  placed  In  the  location  DATINN,  then  the 
NEWDAT  co-routine  will  cause  this  date  to  become  the  new  date  to  be  used 
throughout  the  Snow  White  Program.  First,  an  entry  Is  made  In  the  system  log 
indicating  the  old  date  Immediately  preceding  the  date  change.  A second  log 
entry  is  made  immediately  after  the  date  change  in  order  to  Indicate  the  new 
date.  The  difference  between  the  dates  of  these  two  entries  Is  an  Indication 
of  how  many  days  difference  between  the  two  dates  have  passed.  The  NEWDAT 
co-routine  makes  a call  to  the  HMDD  subroutine  In  order  to  convert  this  log- 
packed  date  Into  an  ASCII  version.  Finally,  the  ASCII  version  of  this  new 
date  Is  passed  to  the  TRMOUT  job  queue  In  order  that  this  date  may  be  placed 
at  the  top  of  either  the  status  or  maintenance  monitor  frame. 

The  TIMASC  subroutine  converts  an  l8-bit  log-packed  time  to  ASCII.  In  order 
to  call  this  subroutine  Into  action,  the  calling  routine  must  first  place  the  16 
least  significant  bits  of  this  time  In  register  3.  The  two  most  significant  bits 
are  held  In  the  low  order  of  a l6-blt  word  that  Is  then  placed  In  register  4 
Immediately  before  the  subroutine  call.  This  subroutine  call  makes  use  of  the 
routine  BINOEC  described  In  the  SERVICE  routine  grouping.  The  last  subroutine 
In  this  particular  package  Is  the  MHDD  routine  mentioned  previously.  Its  job 
Is  to  convert  a nIne-bIt  log-packed  date  to  ASCII  for  later  display  on  the 
terminal.  Prior  to  a call  to  this  routine,  register  4 should  be  loaded 
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with  the  nine^bit  log-packed  version  of  the  date. 

Dates  handled  by  various  routines  In  this  subroutine  package  are  checked 
for  validity.  The  number  of  allowed  days  In  each  month  of  the  year  Is  stored 
In  a short  array  called  DAYMON.  The  number  of  days  In  the  month  of  February 
Is  allowed  to  be  no  larger  than  28.  Thus,  at  each  leap  year  the  date  will  be  In 
error  for  one  day. 


The  "REPORT"  Co-Routines 

Each  communication  link  between  the  control  tower  and  a dwarf  (field 
unit)  has  associated  with  It  two  error  families.  The  first  family  Is  an 
Indication  of  the  error  status  at  the  control  tower  end  of  the  communication 
link.  The  second  family  keeps  track  of  the  current  error  status  at  the  field 
unit  end  of  the  line.  Errors  occurring  at  the  control  tower  line  end  are 
discovered  by  the  Snow  White  Program  Itself.  However,  errors  pertinent  to 
the  field  unit  line  end  are  discovered  by  a dwarf  program  and  are  reported  to 
the  Snow  White  Program  by  a communication  link. 

The  occurrence  of  an  error  at  either  line  end  will  cause  an  automatic 
log  entry  to  be  made  describing  this  error.  It  Is  conceivable  that  a 
chronic  error  condition  would  cause  repeated  entries  that  are  Identical  to 
be  made  to  the  log.  The  log  may  hold  between  900  and  1,000  automatic  log 
entries  So,  it  would  not  take  too  long  before  the  log  would  be  completely 
filled  with  this  repeating  error.  Therefore,  errors  are  "debounced"  using 
the  following  scheme.  At  the  end  of  each  60-second  Interval,  the  REPORT  co- 
routine examines  the  highest  priority  error  occurring  at  each  line  end.  If 
an  error  has  occurred,  this  will  cause  an  Incrementing  of  a counter  associated 
with  that  line  end  by  one.  Until  this  count  reaches  a total  of  three,  each 
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successive  error  will  cause  a log  entry  to  be  made.  Beyond  the  count  of 
three,  no  further  log  entries  will  be  made  until  ten  full  minutes  of  error- 
free  operation  at  that  line  end  has  occurred.  That  Is,  the  coonter  Is  set 
to  a full  count  of  ten  and  decremented  by  one  at  each  minute  during  which  no 
error  occurred.  Should  an  error  occur  during  this  ten-minute  countdown, 
this  count  will  be  again  saturated  at  a full  count  of  ten,  thus  postponing  the 
ten-minute  countdown  time  Interval.  It  Is  possible  that  during  this  countdown, 
a distinct  error  may  occur  of  a higher  priority.  Should  this  happen,  an 

automatic  log  entry  will  be  made  Immediately.  However,  the  error  count  will 

> / 

be  saturated  at  a full  value  of  ten  Just  as  if  the  older  previous  error  ^ 

had  simply  been  repeated.  The  REPORT  co-routine  will  then  begin  counting  down 
this  new  error.  Even  though  a full  ten-minute  countdown  may  have  occurred 
at  any  particular  line  end,  this  does  not  necessarily  imply  that  a full  error 
recovery  has  been  made  Since  there  are  two  line  ends  for  each  communication  link, 
two  counters  must  be  cleared  to  zero  before  this  error  recovery  can  be  considered 
to  have  taken  place.  An  error  recovery  Is  Indicated  by  a "SYSTEM  GO"  automatic 
log  entry  being  made.  If  this  entry  Is  not  made  at  the  end  of  the  10-mlnute 
error-free  Interval,  It  must  Imply  that  a countdown  Is  still  taking  place  on 
the  error  counter  associated  with  the  opposite  line  end.  Only  when  both  line 
ends  have  been  cleared  of  an  error  state  will  this  "SYSTEM  GO"  error  recovery 
message  be  displayed.  Even  errors  occurring  at  the  Initial  stages  of  a 
repeated  error  condition  are  treated  with  a countdown  procedure.  For  example, 
should  a single  error  occur  during  a 60-second  Interval,  and  then  the 
Immediately  following  60-second  Interval  be  error-free,  an  immediate 

"SYSTEM  GO"  error  recovery  message  will  be  made.  However,  should  this  error 
repeat  Itself  during  a second  time  Interval,  a full  two-mlnute  countdown  will 
be  insisted  upon  by  the  Snow  White  Program  before  the  error  recovery  message 
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is  made.  Three  errors  occurring  in  three  successive  60-second  time  Intervals 
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will  require  three  full  minutes  of  error-free  countdown  before  a "SYSTEM  GO" 
message  is  placed  in  the  log.  Beyond  this  count  of  three,  the  previously 
mentioned  countdown  from  a full  saturated  value  of  ten  is  Insisted  upon. 

Note  from  the  usage  above  that  the  "SYSTEM  GO"  entry  Is  not  the  only 
indication  of  error  free  operation  of  a communication  link.  Rather,  the 
"SYSTEM  GO"  entry  Is  to  be  considered  an  error  recovery  indicator.  It  Is 
possible  that  there  areno  log  entries  currently  existing  pertaining  to  a 
particular  communication  link;  not  even  a "SYSTEM  GO"  log  entry.  Though 
the  comforting  "SYSTEM  GO"  message  does  not  appear  in  the  log,  this  condition 
Is  the  best  of  all  possible  ones  since  it  Indicates  the  detection  of  no  errors 
during  the  memory  of  the  software  log. 

Since  there  are  six  communication  links  serviced  by  the  Snow  White 
Program,  there  will  be  twelve  error  counters  to  be  treated  by  the  REPORT 
co-routine.  Entries  to  the  log  are  made  by  making  use  of  the  AOTOLG  subroutine 
to  be  described  below. 


The  "LOGSRV"  Routines 

The  routines  In  this  grouping  are  used  to  service  or  manipulate  the 

log. 

The  first  routine  In  the  log  Is  the  AUTOLG  subroutine.  This  Is  called 
whenever  a log  entry  Is  desired  to  be  made  by  any  other  section  of  code  in 
the  Snow  White  Program.  Its  purpose  Is  to  bring  together  as  a stream  of  bits 
tbb  log-packed  date,  time,  and  source  code  to  be  associated  with  this  log 
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entry. 
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A log  entry  requires  four  pieces  of  Information.  These  are  packed 
together  as  a single  stream  of  bits  that  is  stored  In  a sequence  of  four 


bytes.  The  first  byte  of  a log  entry  will  always  be  the  right  bracket 
character  (135  code).  The  four  bytes  immediately  following  this  list  the 
date,  time,  and  source  code  associated  with  this  log  entry.  The  low  order 
nine  bits  are  the  log-packed  date,  the  next  18  bits  are  the  log-packed  time, 
while  the  three  bits  Immediately  following  this  are  the  source  code  indicating 
to  which  communication  line  the  error  Is  to  be  associated.  This  basic 
Inforaatlon,  together  with  the  error  number,  Is  packed  together  and  placed 
4n  the  job  queue  of  the  AUTOLX  co-routine.  At  the  next  call  of  this  co- 
routine by  the  TASK  MASTER,  this  routine  will  acutally  perform  the  log  entry. 
It  will  Insert  the 'l35"separator  code,  then  the  date,  time,  and  source  code 
packed  binary  data,  followed  bya  sixth  byte  which  will  be  a pointer  to  the 
HESADR  or  the  TESADR  tables.  An  entry  in  either  of  these  two  tables  Is  Itself 
a pointer  referring  to  the  start  and  the  number  of  characters  In  a stream  of 
ASCII  data  that  actually  represents  the  English  representat of  this  error 
message.  Thus,  a total  of  only  six  bytes  of  computer  storage  Is  required  for 
an  automatic  log  entry.  This  since  the  actual  ASCII  text  is  not  repeated  for 
each  occurrence  of  the  error  in  the  log,  rather  only  a single-byte  pointer  Is 
used.  Manual  log  entries  made  from  the  terminal  keyboard  also  have  the  same 
"prefix"  data  associated  with  them.  However,  the  sixth  byte  which  would 
ordinarily  hold  the  automatic  error  message  pointer  instead  holds  the  first 
character  of  the  manual  entry.  These  manual  entry  characters  are  taken  byte 
by  byte  until  the  next  right  bracket  (135  code)  character  appears. 

The  source  codes  mentioned  above  are  as  follows.  Code  one  through  six 
Indicate  the  communication  link  to  a field  unit.  One  stands  for  the  localizer 
communication  link,  two  stands  for  the  glide  slope  communication  link 
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while  six  refers  to  the  far  field  monitor  communication  links.  Source  code 
seven  Is  reserved  for  errors  that  refer  not  necessarily  to  any  particular 
communication  link  but  rather  to  the  air  traffic  control  tower  program  itself. 
Source  code  zero  is  used  to  Indicate  that  the  Information  that  follows  was 
originated  by  a manual  log  entry. 

Of  the  31  possible  error  messages  that  may  be  placed  automatically  in 
the  log,  four  of  these  are  of  such  a nature  one  would  not  expect  them  to 
repeat  during  normal  system  operation.  Therefore,  a countdown  procedure  is 
not  applied  to  them.  These  messages  are  (1)  "ATCT  SOFTWARE  INITIALIZE" 

(2)  ATCT  WATCHDOG  RESET"  (3)  "NO  RESPONSE  TO  CYCLE"  (4)  "ATCT  ERROR 
DURING  SELF  TEST'.  Since  a countdown  is  not  initiated  for  these  errors, 
the  user  should  not  be  alarmed  If  one  such  error  appears  in  the  log  and  is 
not  followed  by  an  error  recovery  ("SYSTEM  GO")  message. 

AUTOLX  routine  not  only  performs  the  actual  log  entry,  but  also  keeps 
track  of  the  two  most  recent  log  entries  associated  with  each  field  unit 
communication  link.  Pointers  referring  to  the  start  of  the  two  most  recent 
log  entries  for  each  field  unit  are  stored  in  the  array  called  RECLOG.  This 
array  is  maintained  by  the  AUTOLX  routine  as  well  as  the  RECLOG  routine  des- 
cribed below.  These  two  most  recent  log  entries  will  appear  on  the  status 
frame  immediately  below  the  status  information  associated  with  the  corresponding 
field  unit.  A single  exception  Is  the  far  field  monitor  whose  most  recent  log 
entries  can  be  observed  only  by  displaying  the  most  recent  lines  of  the  log 
Itself. 

The  RUBLOG  routine  Is  called  whenever  the  Insertion  of  a new  log  entry 
would  write  over  the  oldest  log  entry  now  existing  In  the  log.  The  log  storage 
area  starts  In  location  5204  and  ends  in  location  17777.  Information  that 
would  ordinarily  like  to  be  stored  In  any  location  beyond  this  last  one,  will 


0-22 


r 


be  "wrapped  around"  back  to  location  5204.  Once  a 'V«rap  around"  occurs,  a 
possibility  for  writing  on  top  of  a much  older  iog  entry  exists.  These  older 
log  entries  If  they  need  to  be  deleted  are  deleted  completely  by  the  RUBLOG 
subroutine.  This  routine  also  deletes  a log  entry  from  the  RECLOG  array 
should  this  deleted  entry  happen  to  be  one  of  the  "most  recent"  two  entries 
corresponding  to  any  field  unit. 

The  next  subroutine  In  this  package,  entltl-ed  ONELIN,  will  advance  a 
given  log  pointer  ahead  by  one  log  line  or  one  full  log  entry  whichever 
comes  first.  The  pointer  Is  stored  In  location  ONEPTR.  Upon  exit  from 
this  subroutine,  this  pointer  will  point  to  a line  feed  character  (Indicating 
the  end  of  the  line)  or  a right  bracket  character  (Indicating  the  end  of  a 
log  entry).  Thus,  this  routine  may  be  used  to  advance  line  by  line  through 
the  log. 

The  "PROMCK"  Co-Routine 

Though  the  entire  Snow  White  Program  Is  stored  In  fusable  link 
PROM,  It  Is  conceivable  that  bits  of  this  storage  area  might  change  with 
tiM  or  with  Integrated  circuit  failure.  Therefore,  a check  Is  constantly 

being  made  of  the  Integrity  of  this  program  store  arc* 9.  This  Is  done  by  the  ^ 

i 

PROMCK  co-routine.  At  each  call  of  this  co-routine  by  the  TASK  MASTER,  this  | 

, X i 

routine  will  total  (In  a l6-blt  sum)one-fourth  of  a PROM  bank.  A PROM  bank  j 

consists  of  four  PROM's  that  span  512  words  of  program  storage.  At  each  fourth 

call,  the  total  accumulatdd  so  far  Is  added  to  the  corresponding  checksum  In  the  j 

SUMS  storage  area.  The  total  should  be  zero.  If  It  Is  not,  an  automatic 

(debounced)  log  entry  Is  made.  These  PROM  checksum  errors  are  the  highest 

priority  errors  that  can  occur.  They  will,  therefore,  mask  out  In  the  log 

any  other  errors  that  occur  during  the  same  60-second  time  Interval. 
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The  "COMAND"  Routine 


All  commands  requested  from  the  terminal  keyboard  are  initially  decoded 
by  this  section  of  the  program; and  their  actual  execution,  if  not  completely 
carried  out  by  this  portion  of  the  program,  is  at  least  directed  by  various 
subroutines  within  this-major  code  section.  The  first  portion  of  this  area 
is  reserved  for  various  tables  to  aid  In  command  decoding.  Each  character 
of  a command  entry  results  in  an  echo  being  sent  back  to  the  terminal.  This 
includes  not  only  the  character  itself,  but  possibly  one  or  both  of  two  other 
types  of  Information:  Either  additional  characters  to  complete  a word  of 
which  the  keyboard  entered  character  was  the  first  character,  and/or  half 
Intensity  characters  that  prompt  the  user  for  the  next  character  in  the 
command  stream.  Which  echo  is  to  be  sent  back  in  response  to  a keyboard 
character  is  indicated  In  these  tables.  In  addition,  which  routine  is  to 
be  called  in  response  to  a completed  command  is  also  stored  here.  Finally, 
the  number  of  characters  allowed  at  each  point  in  a command  entry  without 
causing  a command  abort  condition  is  stored  here  for  each  command  sequence 
possible.  The  actual  command  sequence  decoding  is  carried  out  by  the 
CMDINP  routine.  Tlis  is  a co-routine  called  by  the  TASK  MASTER.  It  forms 
something  of  the  backbone  of  the  entire  COMAND  routine  grouping.  By  making 
use  of  the  previously  mentioned  tables,  the  command  decoder  sends  back 
appropriate  echoes  and,  when  finally  required,  causes  a transfer  of  the  computer 
control  to  the  proper  command  execution  sequence.  An  error  condition  un- 
covered at  any  point  during  a command  entry  will  cause  the  command  line  at 
the  bottom  of  the  terminal  screen  to  be  erased  completely.  No  action  will 
be  taken.  Immediately  following  the  CMDINP  co-routine  are  the  various 
sequences  of  code  that  handle  the  execution  of  each  command. 

I 
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The  first  of  these  Is  the  EXLOG  routine  that  carries  out  the  execution 
of  the  LOG  command.  This  command  Is  requested  from  the  keyboard  of  the 
Snow  White  Program  to  display  the  ten  most  recent  lines  of  the  log.  This 
command  execution  code  naturally  makes  use  of  the  ONELIN  subroutine  to  scan 
line  by  line  through  the  log  data  til  the  last  twenty  lines  are  found.  Two 
variables  Indicate  starting  and  ending  positions  of  the  displayed  log  data 
on  the  screen.  These  are  variables  DSPFST  (storing  the  first  character  t6  Be 
displayed  on  the  screen)  and  the  variable  DSPLST  (referring  to  the  last 
character  of  the  log  to  be  displayed  on  the  screen).  The  last  few  Instructions 
In  this  routine  begin  at  the  location  entitled  SHOWL.  This  stream  of  code 
actually  carries  out  the  display  of  the  appropriate  log  lines  on  the  terminal 
screen.  It  Is  called  hot  only  by  the  EX LOG  code,  but  also  other  routines 
Immediately  below  this  to  be  mentioned  shortly.  Like  all  other  sequences  of 
code  In  the  COMAND  program,  at  the  end  of  a command  execution  a return  of 
control  Is  made  to  the  CHDINP  ca4llng  program.  From  here,  this  co-routine 
will  make  a transfer  of  control  back  to  the  TASK  MASTER. 

The  next  routine  here  Is  also  a log  manipulation  subprogram  entitled 
EXLMMD.  Its  purpose  Is  almost  Identical  to  that  of  the  EXLOG  routine 
mentioned  Immediately  above.  However,  an  additional  entry  Is  made  from  the 
keyboard  Immediately  following  the  L Identifier.  This  entry  Is  a date.  The 
Idea  Is  to  display  the  first  twenty  log  lines  having  an  assigned  date  equal  to 
or  greater  than  this  keyboard  entered  one.  The  CMDINP  calling  routine  'distin- 
guishes between  this  subprogram  and  the  one  Immediately  preceeding  It  according 
as  a switch  (INDENT)  Is  or  Is  not  set.  This  switbh  Is  set  by  the  little 
INAWDS  subroutine.  Presumably  the  setting  of  this  switch  was  done  during 
the  entry  of  a date  In  the  keyboard.  If  no  date  Whs  entered  Immediately  before 
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a carriage  return,  then  apparently  a date  search  Is  not  desired  and  the 
EXLOG  function  Is  wanted.  Otherwise,  If  a date  was  entered  the  EXLHHD 
task  Is  carried  out.  After  the  entering  of  the  keyboard  date,  this  routine, 
like  many  other  log  manipulation  routines  In  the  Snow  White  package,  does  Its 
log  search  line  by  line  Intermittently  with  a return  of  control  to  the  TASK 
MASTER.  This  repeated  recall  of  the  TASK  MASTER  Is  done  to  prevent  the 
search  of  a very  long  log  from  causing  that  routine  to  hog  the  computer. 

If  this  particular  routine  cannot  find  a date  greater  than  or  equal  to 
the  date  entered  from  the  keyboard.  It  will  halt  at  the  end  of  the  log  and 
cause  the  display  of  merely  the  last  twenty  lines.  Note  that  this  command 
makes  It  possible  to  display  the  very  top  twenty  entries  In  the  log  by  simply 
tagging  a date  to  the  log  mnemonic  of  January  I.  Since  no  log  entry  can  have 
a date  previous  to  this,  the  EXLMMD  subroutine  will  select  these  first  twenty 
entries  and  display  them.  At  this  point,  the  user  may  Issue  "log  roll"  commands 
to  scan  further  down  the  log. 

The  "log  roll"  function  Is  carried  by  out  by  call  to  the  EXLGRL  routine. 
This  routine  advances  the  pointers  stored  In  the  DSPFST  and  the  DSPLST 
variables  by  exactly  ten  lines.  These  updated  variables  are  then  passed  to 
the  SHOWL  portion  of  the  EXLOG  routine  for  display.  On  the  screen  the  result 
Is  that  the  log  has  been  "rolled"  forward  by  exactly  10  lines  or  half  a screen's 
worth. 

Occasionally,  It  Is  desired  to  make  a manual  entry  to  the  log  from  the 
keyboard.  This  may  be  done  with  the  "ENTER"  command.  After  typing  E, 
Instructions  are  placed  at  the  top  of  the  screen  to  Indicate  to  the  user 
how  to  carry  out  his  manual  command  entry.  Then,  the  current  date  and  time 
which  will  be  associated  with  this  manual  entry  are  displayed.  Finally,  the 
screen  cursor  Is  moved  to  the  first  position  where  a keyboard  entered 


D-26 


character  wtlt  be  placed.  The  user  may  now  type  In  his  desired  entry.  He 
may  Include  carriage  returns  In  this  entry  If  the  entry  contains  multiple  lines. 
To  correct  a mistake  typed  previously  on  the  same  line,  he  may  use  the  "RUBOUT" 
key  of  the  keyboard.  This  causes  the  screen  cursor  to  move  to  the  left  by  one 
position.  It  also  causes  the  character  at  this  previous  position  to  be  erased. 
The  user  may  now  type  this  character  again  causing  a correction  In  the  log  to 
be  made.  If  he  types  successive  rubouts,  the  results  will  be  the  wholesale 
erasing  of  all  text  up  to  but  no  further  than  the  first  character  In  the  current 
line.  This  Is  to  say  that^eraslng  beyond  a line  boundary  Is  not  possible. 

To  terminate  his  entry  and  return  to  other  screen  manipulation  routines,  the 
user  should  type  his  last  character  as  a right  bracket.  Note  that  this  is  to 
be  distinguished  from  a right  parenthesis.  The  user  may  note  from  extensive 
use  that  dollar  sign  and  other  special  characters  are  not  allowed.  That  Is, 
he  will  observe  that  when  they  are  typed  in  they  are  not  echoed  on  the  screen 
and  indeed  are  not  placed  In  his  log  entry.  The  reason  for  this  Is  that  the 
dollar  sign  and  other  special  characters  have  very  Important  meanings  to  the 
software.  Thus,  they  cannot  be  used  as  part  of  general  purpose  text  without 
causing  unpredictable  results.  The  Instruction  text  that's  placed  at  the  beginning 
of  a manual  entry  frame  is  stored  In  M0050  format  beginning  in  location  SRTENT. 

Whenever  the  user  types  S (status),  a transfer  of  control  is  ultimately 
made  to  the  EXSTAT  code  stream.  This  routine  sees  that  the  normal  status 
panel  display  Is  placed  on  the  screen.  This  display  Is  the  normal  one  that 
should  be  displayed  on  the  screen  unless  a user  Is  tending  to  the  terminal 
and  explicitly  desires  some  other.  The  first  action  of  this  routine  is  to 
cause  the  fixed  ASCII  to  be  moved  to  the  terminal.  That  is  all  titles  and 
field  unit  names  are  placed  in  their  fixed  positions  on  the  screen.  In 
addition,  the  "type  H for  help"  message,  centered  at  the  bottom  of  the  screen. 
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is  put  In  position.  Also  at  this  time  the  current  date  and  time  Is  placed 
on  the  screen. 


! 
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Upon  typing  H (maintenance  monitor),  the  user  Is  given  the  display  of 
all  maintenance  monitor  signals  within  the  instrument  landing  system.  In 
addition,  the  values  of  five  signals  ordinarily  relayed  from  the  far  field  ^ 

monitor  to  the  localizer  are  also  displayed.  Finally,  the  three  analog  | 

DDH  signals  are  displayed  In  decimal  form  on  this  maintenance  monitor  display.  | 

Once  again,  the  first  step  in  this  display,  after  first  clearing  the  screen,  i 

Is  to  place  the  fixed  ASCII  information.  Then,  as  before,  the  date,  time,  and  ^ 

"type  H ...  " messages  are  passed  to  the  terminal.  The  later  display  of  the  j 

I 

1 

maintenance  monitor  statuses  by  the  STACH2  co-routine  is  assured  by  the  ! 

I 

setting  of  the  various  RFSHSW  switches  associated  with  the  maintenance  < 

monitor  data.  Further,  the  later  decoding  and  display  of  the  three  DDM 
values  Is  commanded  by  the  setting  of  the  FORCED  variable.  This  variable 

i 

triggers  the  action  of  the  DDMDSP  co- routine. 

The  date  and  time  maintained  by  this  software  program  is  displayed  not 
only  in  the  center  of  the  status  and  maintenance  monitor  frames,  but  is  also  || 

! I 

used  to  tag  each  automatic  and  manual  log  entry.  Thus  it  Is  important  to  ^ i 

maintain  the  system  date  and  time  with  correct  values.  To  enter  a new  time 
value,  the  T command  is  used.  Its  entry  ultimately  triggers  the  action  of  the 
EXTIHE  routine.  This  routine  allows  four  or  more  digits  to  be  keyed 

i ^ 

In  from  the  keyboard.  These  are  interpretted  as  an  hour  and  a minute  value, 

t 

respectively,  if  fewer  than  four  digits  are  keyed  in,  a leading  zero  will  be 
presumed  for  the  hour  number.  If  more  than  four  numerfd  digits  are  keyed  In, 

1 

only  the  last  four  will  be  used.  This  allows  an  error  keying  Inrthe  time  > 

I 

value  to  be  easily  corrected.  One  simply  types  In  the  correct  four  numeric 
digits  before  Issuing  a final  carriage  return*.  This  new  time  is  placed  in 

D-28 


1 


the  permanent  second  count  variable  called  PSECND.  Its  ASCII  version  will 
be  placed  In  the  PTIMAS  variable  location.  Also  two  automatic  log  entries 
will  be  made.  One  log  entry  indicating  "time  before  time  change"  will  be 
made  and  will  have  the  old  system  time  tagged  onto  it.  The  second  automatic 
log  entry  "NEW  TIME"  will  be  tagged  with  the  new  time.  Thus,  time  lapses 
between  the  old  and  new  time  are  permanently  recorded  In  the  log. 

The  software  system  date  may  be  corrected  by  use  of  the  0 command.  Once 
again,  after  typing  D the  software  program  expects  four  numeric  digits  to 
follow,  the  first  two  being  a month  number  and  the  second  two  being  a day 
number.  Errors  in  any  of  these  four  digits  are  easily  recovered  from  by 
simply  retyping  the  date.  That  is,  the  Software  examines  only  the  last 
four  numeric  digits  entered.  The  command  is  terminated  with  a carriage 
return  keystroke.  Other  non-numeric  characters  are  echoed  back  to  the 
screen  but  are  otherwise  Ignored.  As  In  the  time  command,  two  automatic 
log  entries  are  made.  The  first  has  the  older  date  associated  with  it, 
while  the  second  "new  date"  entry  has  this  keyboard  entered  date  associated 
with  It. 

The  next  command  Is  a rather  powerful  one  that  allows  cycle  commands 
to  be  Issued  from  the  keyboard.  The  first  field  Is  simply  the  letter  C 
which  is  echoed  back  on  the  screen  as  the  word  "CYCLE",  The  second  field  Is 
one  of  six  values:  L for  localizer,  G for  glide  slope,  I for  inner  marker, 
...,  A for  "all."  Thus  It  Is  possible  to  cycle  any  single  transmitting 
field  unit  and  in  addition  to  cycle  all  five  such  field  units  in  unison. 

The  third  field  in  this  command  may  or  may  not  be  present.  If  it  is, 
it  is  either  an  M for  "MAIN"  or  the  letter  0 for  "OFF."  That  Is,  one  may 
mention  the  desired  destination  state  of  the  transmitting  field  unit  If 
desired.  If  this  third  entry  is  not  made,  then  a single  cycle  command  will 


be  sent  to  the  field  unit  advancing  It  by  one  state  increment  regardless  of 
what  the  final  destination  turns  out  to  be.  The  last  field  entered  from  the 
keyboard  must  always  be  present  and  is  the  correct  four  digit  password.  Mis- 
takes may  be  corrected  by  simply  typing  the  correct  four  digits  once 

again.  The  command  is  terminated  by  a carriage  return.  The  user  will  notice 
that  the  password  Is  not  echoed  on  the  screen.  The  cycle  command  will  not  be 
honored  unless  the  program  verifies  that  the  status  display  Is  currently  on 
the  screen.  This  is  done  so  that  the  user  may  see  firsthand  the  transmitter 
state  changes  that  are  effected  by  his  cycle  command.  Cycle  commands  issued 
without  displaying  the  status  screen  first  are  ignored.  Cycle  commands  having 
the  third  field  present  in  which  a destination  is  mentioned  caule  up  to  three 
sets  of  cycle  commands  to  be  issued  to  any  one  field  unit.  Delays  required 
by  the  Instrument  landing  system  gear  are  accounted  for.  In  particular,  this 
means  that  passage  through  the  OFF  state  of  any  transmitter  must  require  at 

II  II 

least  twenty  seconds.  Whenever  a non-off  state  is  Entered,  a wait  of  only 
five  seconds  is  initiated.  During  the  execution  of  the  cycle  command,  no  matter 
how  complicated  it  is  required  to  be^  a blinking  CyCLE  is  placed  at  the  far 
right  of  this  field  unit's  status  line  on  the  terminal  screen.  This  blinking 
entry  will  be  extinguished  after  the  cycle  command  has  been  completed  or  an 
error  Is  noted.  The  only  possible  error  that  may  be  encountered  in  this  cycle 
command  execution  is  the  failure  of  a field  unit  to  respond.  Should  this 
occur  after  the  appropriate  waiting  time  Is  made,  an  automatic  log  entry 
indicating  "NO  RESPONSE  TO  CYCLE"  is  made. 

The  keyboard  entry  of  dates,  times,  and  passwords  are  all  handled  by 
one  subroutine  entitled  IN4NUM.  It  examines  keyboard  entered  characters  to 
determine  whether  or  not  they  are  numeeic.  If  they  are  non-numeric,  then  the 
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keyboard  entry  Is  Ignored,  and  a co-routine  return  Is  made.  If  the 
character  numeric,  then  It  Is  stripped  of  Its  ASCII  status  and  placed 
In  the  IN4W0S  array.  This  Is  a four-byte  array  holding  up  to  four  numeric 
values.  A pointer  entitled  NXTWD  Is  used  to  point  to  the  next  open  byte  In 
this  four-byte  array. 

Bytes  may  be  extracted  from  this  array  In  order  by  a subroutine  call 
to  the  GETINA  subroutine. 

When  typing  H,  the  user  Is  requesting  help.  The  result  Is  a transfer 
of  control  to  the  EXHELP  subroutine,  which  places  a number  of  lines  of 
fixed  ASCII  Information  on  the  screen.  The  explanation  In  these  lines 
gives  the  user  a choice  of  four  frames  of  detailed  "help"  Information. 

One  of  these  frames  Is  the  Information  frame  pertinent  to  the  status 
and  maintenance  monitor  displays.  A display  of  this  help  frame  Is  carried 
out  by  whe  EXQS  subroutine.  A second  help  frame  gives  the  user  a brief 
Introduction  to  the  various  log  manipulation  commands.  This  help  frame 
may  be  called  up  by  a "7L"  keyboard  entry.  The  help  frame  giving  the  user 
an  Introduction  to  the  date-time  commands  may  be  viewed  by  typing  "70." 
Finally,  a "7C"  keyboard  entry  calls  the  EXQC  routine  Into  action.  This 
gives  the  user  a rudimentary  description  of  the  cycle  commands  that  may  be 
Issued  from  the  keyboard.  The  two  last  subroutines  In  the  COHAND  code 
package  are  the  TYPEH  subroutine  (which  displays  the  "type  H for  help" 
message  on  the  screen),  and  the  EARCHD  subroutine  (which  erases  the  command 
Input  line  at  the  bottom  of  the  screen). 
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Appendix  E 

Field  Unit  Program  Listing 


• PfiOGRAH  FOR  THE  DMARVES  * 


INTEL  4040  I1ICR0PR0CESS0R  CONTRa  PROGRAn  FOR 
THE  HARK  HI  INSTRUHENT  LANDING  SYSTEM 
IN3TM.LED  AT  rMFEC  IN  ATLANTIC  CITY.  NEU  JERSEY 

THIS  PROGRAM  IS  USED  TO  CONTROL  TIC  REMOTE  FiaD  SITES  OF 
TIC  RELIAELE  COMMUNICATION  SYSTEM  INSTALLED  FOR  THE  FAA  BY  TIC 
CIRCUITS  MO  SYSTEMS  GRLUP  OF  THE  SCMML  OF  ELECTRICAL  ENGI- 
NEFRIW^.  PURDUE  UNIVERSITY.  NEST  LAFAYETTE.  INDIANA  47907.  THE 
MICROPROCESSLA  IS  USED  IN  CONJUNCTION  UITH  A STANDARD  PRIVATE 
LINE  MiXCM  UTILIZING  FREQUENCY-SHIFT  KEYING  OVER  ISOLATED. 
balanl'ED  liics  the  status  of  the  communications  and  the 
OPERATION  OF  TIC  SYSTEM  HAY  BE  DETERMINED  BY  READING  TIC  SEVEN 
SEGMENT  LIMT-EMITTINC  DIOtC  DISPLAY  LOCATED  ON  TIC  FRONT  PANEL 
OF  THE  FIELD  INITS 

THIS  PROGRAM  IS  DESIGNED  TO  UORY.  AT  ALL  SIX  OF  THE  REMOTE 
FiaD  SITES  OF  THE  ILS  THIS  MAKES  THE  MICROPROCESSOR  CARDS 
UITH  THEIR  PROMS  1NTERCHANGA6LE  THERE  ARE.  HOUEVER.  FOUR 
DISTINCT  FlWCTIONS  TO  EE  PERFORMED  BY  THE  PROGRAM  DEPENPING  ON 
UKkE  it  is  FEII.G  EXECUTED. 

II  AT  THE  THREE  MARIERS.  INNER  (IMI.  HIDDIF  (Ifl).  AND 
OUTER  (ONI,  THE  PROCAAM  READS.  FORMATS  AND  SENDS  SIX  DIGITAL 
STATUS  SIUNALS  AND  RECEIVES  ONE  DIGITAL  COMMAND  SIGNAL. 

2)  AT  THE  GLIDE  SLOPE  (OS)  THE  PROGRAM  READS.  FORMATS. 

AND  SENDS  SEVEN  DIGITAL  STATUS  SIGNALS  AND  SEVENTEEN  DIGITAL 
PRE -ALARM  SIGTMLS  AND  RECEIVES  ONE  DIGITAL  CC41MAN0  SIGNAL 

3)  AT  THE  FAR-FiaD  MONITOR  (FFM)  THE  PROORM1  READS. 

FORMATS.  AND  SENDS  SIX  DICITM.  STATUS  SIGIML.  FOUR  DIGITAL 
PRE-ALARM  SIGMTLS.  AND  THREE  ANALOG  SIGNALS  THE  ANALOG 
SIGIMLS  ARE  CONVERTED  TO  DICITM.  REPRESENTATION  FOR  SENDING 
VIA  DIGITAL  FSK  THE  PROGRAM  CHECKS  FOR  ANY  DRIFT  IN  TIC 
ZERO  OF  TIC  A/D  AND  SUBTRACTS  IT  FROM  THE  DDM  SIGIMLS  TO 

BE  SENT 

4)  AT  THE  LOCALIZER  (LOCI  THE  PR0GRM1  READS.  FORMATS. 

AND  SENDS  SEVEN  DIGITAL  STATUS  SIC<NM.S  AND  TUENTY 
DIGITAL  PRE-ALARM  SIGNALS.  AND  RECEIVES  ONE  DIGITAL 
CCmND  SIGNM..  FIVE  DIGITAL  STATUS  SIGNM.S.  AND  THREE 
ANALOG  SIGNALS  PROVISION  IS  MADE  AT  THE  LOCALIZER  TO  ALLOW 
EASY  CALIBRATION  OF  THE  D/A  CONVERTER 

THE  PRiXRAM  DETERMINES  ITS  LOCATION.  AND  HENCE  UHAT  IT  IS 
SI.PPOSED  TO  DO.  FROM  THREE  BITS  OF  ONE  INPUT  PORT.  THESE 
TIf!EE  BITS  ARE  HIRED  DIFFERENTLY  (1  OR  0)  AT  EACH  LOCATION, 

AND  THEREFORE  IDENTIFY  THE  CURRENT  LOCATION  OF  THE  MICRO- 
PROCESSOR CM.'D  THESE  BITS  ARE  USED  IN  ML  MESSAGES  TO  OR 
FROM  TIC  ATCT  TO  PREVENT  THE  ACCIDENTAL  CROSSING  OF  HIRES  AND 
RESaTING  CCMFUSICN  OF  STATUS  AND  COTtMND  SIGNALS. 

THE  PROCiR'MI  PRCiVIICS  A SIMPLE  HAY  OF  DETERMINING  TIC  STATUS 
OF  TIC  CC»*1MIi:ATICM-S  eouipment.  and  also  an  extremely  useful 
TOa  FOR  TROUBLESHOOTING  - TIC  SEVEN  SEGMENT  FRONT  PMCL 
DISPLAY  UITH  TI4.rjHICEL  SWITCH  TIC  TECHNICIAN  DESIRING 
IICORMATICM  USES  THE  SWITCH  TO  SPECIFY  UHAT  SPECIFIC  INFOR- 
MATION IS  DESIRED  (SYSTEM  STATUS.  DATA  BEING  SENT.  DATA 
BEING  RECEIVED.  LAMP  TEST.  ETC  ).  TIC  HICfiflf>ftirES.srA  THEN 


RUPT  DRIVEN.  TIC  (N.Y  DEVICE  WICH  HAY  INTERRUPT  TIC  PROGRM 
IS  THE  ACIA  MX  RECEIVED  DATA  IS  READ.  CHECKED,  AM  INTER- 
PRETED BY  THE  INTERRUPT  ROUTINE  ANY  ERROR  IN  TIC  RECEIVO 
DATA  (OVERRUN,  PMIITY.  FRM1ING,  COOINGI  IS  SUFFICIENT  CAUSE  FOR 
THE  UHOIE  BLOCK  TO  BE  IGNORED  UITH  TIC  EXCEPTION  OF  TIC  LOC. 
THE  RECEIVED  BLOCK  CONSISTS  OF  ONLY  OM  FRAME,  ICNCE  TIC 
CHECKING  AND  INTERPRETATION  OCCURS  IIICDIATaY  AFTER  RECEIPT. 

AT  THE  LOCALIZER.  HMTDUARE  ERRORS  ARE  CHECKED  FOR  (CTER  EACH 
FRAME.  BUT  CODING  ERRORS  ARE  NOT  CHECKED  (MD  INTERPRETATION 
DOES  NOT  BEGIN  UNTIL  AFTER  THE  UHOLE  BLOCK  WS  BEEN  RECEIVED 
THE  INITIATION  OF  A TRANSMISSION  IS  CONTROLLED  BY  THE  MAIN 
PROGRAM,  AND  OCCURS  UHENEVER  (XC  OF  THE  FOUOUING  CONDITIONS 
IS  SATISFIED  - I)  A >M(  OR  REQUEST  FOR  TRANSMISSION  IS  RE- 
CEIVED FROM  THE  ATCT.  21  THE  VM.UE  OF  ANY  OF  THE  SENSED  DATA 
(STATUS.  PRE-MJIRH.  OR  MMLOG  SIGNALSI  CHANGES.  OR  3)  APPROX- 
IHATaY  FIFTEEN  SECONDS  HAVE  LAPSED  SINCE  THE  LAST  TRANS- 
MISSION AT  THIS  POINT  THE  MAIN  PROGRAM  FORIttTS  THE  DATA  TO 
BE  SENT  UITH  HEADER  AND  TRAILER  FRAMES  IT  THEN  ENABLES 
TRANSMITTER  INTERRUPTS,  LEAVING  THE  ACTUM.  TRANSMISSION  OF 
FRAMES  TO  TIC  HARDUARE  (VIO  TIC  INTERRUPT  ROUTIIC. 

DIGITAL  DATA  SENSED  BY  TIC  PROGRAM  IS  OEBOUNCEO  IN  THE 
SOFTWARE  (ALL  DIGITM.  IICORrMTION  IS  READ  FROM  RELAY  CONTACTS 
IN  THE  ILS)  BY  REQUIRING  THAT  THE  VALUES  REIMIN  TIC  SMC  FOR 
FOUR  SUCCESSIVE  SMCLES  Am.OG  DATA  IS  READ  UNDER  SOFTUARE 
CONTROL  THE  PROGRMI  CONTRaS  TIC  ANM.OG  MULTIPLEXER  UHICH 
SELECTS  BETWEEN  THE  THREE  DOM  SICNM.S  AND  A ZERO  REFERENCE, 

AND  PROVIDES  THE  START  CONVERSION  SIOML 

THE  PROGRMI  M.SO  PERFORMS  DIAGNOSTICS  ON  TIC  HMTOUMC  MO 
SOFTUMC.  IF  HANOSHMCING  IS  LOST,  OR  CMINOT  EE  ESTABLISICD 
UITH  THE  MODEM  AT  THE  ATCT.  THE  MODEM  AT  THE  FIELD  UNIT  IS 
SELF-CHECKED  A COMPLETE  CHECKSUM  OF  THE  PROGRMI  MEMORY  IS 
COMPUTED  EVERY  HALF  SECOND  TO  QCCK  FOR  FAULTY  PROMS.  IN 
ADDITION.  TIC  PROGRAM  EXECUTES  A SPECIAL  SECTION  OF  CODE 
EVERY  QUARTER  OF  A SECOND  UHICH  RESETS  THE  UATCHDOG  TIICR 
IF  FOR  SOME  REASON  OF  SOFTUMC  OR  imMMC  MISFUNCTION  THIS 
RESET  IS  NOT  PERFORMED.  THE  UATCHDOG  CIRCUITRY  AUTOHATICMXV 
RESETS  TIC  MICROCOMPUTER.  THIS  FEATURE  MXOUS  TIC  SYSTEM  TO 
RECOVER  FROM  tSOFT#  PROBLEMS  RM>I[)LY  (ABOUT  2 SECONDSI  AND 
AUTOfWTICAaY. 

IN  THE  DISCUSSION  6EL0U.  THE  ABBREVIATION  1R(*)  REFERS 
TO  ONE  OR  MORE  INDEX  REGISTERS.  MID  BITS  IK  A FOUR  BIT 
REGISTER  MC  REFERED  TO  BY  THEIR  BIIMRY  VALUE  (1.  2.  4.  I 
8).  MSB.  LS6,  MSN.  MO  LSN  REFER  TO  MOST  SIGNIFICANT  BIT, 

LEAST  SIGNIFICANT  BIT.  MOST  SIGNIFICANT  NIBBLE  (4  BITS).  AN) 
LEAST  SIGNIFICANT  KIBBLL  FOR  INFORIMTION  ON  THE  HMiOUARE 
ORGANIZATION  AND  INSTRUCTIONS.  SEE  THE  INTa  CORPORATIONS 
BOOK  - 4040  USERS  IWNUAL 

TIC  LOGICAL  FLOW  OF  THE  PROGRAM  IS  OUTLIICO  BaOU:  TIC 
OPERATION  OF  THE  PROGRAM  IS  CONTROLLED  GY  FOUR  FLAGS  UHICH  ARE 
kept  in  IRdOI.  EACH  BIT  IS  USED  TO  DETERMINE  TIC  STATE  OF  TIC 
PROGRAM  AT  ANY  GIVEN  INSTMIT  IN  TIME  THESE  BITS  MO  TICIR 
MEMIINGS  ARE: 

BIT  I (LSBI  - ICU  DATA  PRESENT  FLAG.  UICN  EQUM.  TO  t.  THIS 
BIT  SIGNIFIES  THAT  TIC  DATA  ICLD  IN  DATA  RAM  REGISTER  2 NAS 
CIMNGED  SINCE  THE  LAST  TRANSMISSION  TO  TIC  REMOTE  CONTROL  AND 
HENCE  A NEU  TRANSMISSION  SHOULD  BE  MADE  AS  SOON  AS  FEASIBLE 
SETTING  THIS  BIT  IS  M.SO  USED  TO  FORCE  A NEU  TRANSMISSION  MCN 
A NAK  IS  RECEIVED.  OR  M^TER  A RECEPTION  ERROU  THIS  BIT  IS 
RESET  UHEN  A NEU  aOCK  OF  HCORMATION  IS  FORHATTED  TO  BE  SENT. 

BIT  2 - OKAY  TO  UPDATE  FUYG.  UHEN  1.  THIS  FLAG  SIGNIFIES 


E-2 


B!SV  AVAIIABIE  COP^ 


THAT  THE  f MA>  (nVii-E.  fHfc  WtA  ^ o.'.KE?  HELD  IN  DATA  HAN 
REC'ISTEP:  ; EECAi.riE  THE  •>.(.  li-  iuriH.iIEti  fEFCf:£  A HOCK  IS 

SENT.  IT  IS  Irfi.if:IANl  THAI  IHE  ItEiji;.“)AIICiN  HELll  HERE  NCiI  BE 
CHA»j;£0  .-NTIl  If  HAS  £tEN  SENT  TO  IHE  REHijlE  CC'I^IRH  AFTER 
THE  PAIA  FtAr:ES  HA'.E  tFEN  SENT.  THIS  FlAiS  IS  SET  TO  ALLCiU  THE 

Fo?«i'i:.  cf  A NEW  [L«t  ;f  iNrt.%;rATii>(  This  flai}  is  resei  when 

THE  aixi  IS  LEIN'S  FifMHlIEO  10  EE  SEMI 

PIT  4 - DAIA  EEINiS  SENT  TEA'S  THIS  FLA'S  IS  U-SEO  10  INDICATE 
THAT  DATA  IS  liiJFFENlLT  LEIN'S  SENT  TO  THE  REHOIE  COMTRuL 
[I'.iF  IN'S  AN  IMERROFT,  IF  IHE  IRAN.-JIII  BOFFER  IS  ENFT^  AND  THE 
FI.AO  E'XI.XS  I,  IHE  NEXT  FRAI1E  IS  L'SADED  AND  SEN!  AFTER  THE 
LAST  FRAME  IS  SEN!  BT  THE  INIERROFI  Ri.iOIIIlE,  IT  CLEARS  THIS  BIT 
TO  SliSfl-'J.  THE  MAIN  FROC-RAM  THAI  IHE  EL'XI  HAS  ££EN  SENT  IN  ITS 
ENTIRETY  THIS  BIT  IS  ■^ET  WHEN  THE  ELXR  IS  BEINC.  FijRHATTED  TO 
££  SENT 

BIT  3 (MSB!  - lOWSRE  FRAME  FLA'S  THIS  Bil  IS  RESET  WHEN  THE 
FIRST  FRAME  IN  A ElOCI  IS  RECEIVED  WllHOUT  h H;SRDWAf;£  ERROR 
(PARITY,  O’.'Lt.RiiN,  OR  FRAMlN'S)  IF  AN  ERR'SR  IS  DEIECIED  BY  THE 
SOFTWARE  IN  THE  F'SFMAIIIN'S  (CRC  CiR  DATA  ERROR),  OR  A FRAME  IS 
RECEIVED  WITH  A HARDWAfE  ERROR'  IN  A MULIIPLE  FRAME  BLOCf.,  THIS 
FLA'S  IS  SET  10  INDICATE  THAT  IHE  INFCiRMATlON  IN  THE  ELXK  IS  TO 
BE  I'SHiMD 


LOAD  DAC  1 

C7 

L'jAD  DAC  2 

07 

LOAD  DAC  3 

E7 

ADDRESSES  WHO'-SE  MSB  IS  ZERO  ARE  USED  TO  TRIGGER  THE  ONE-SHOT 
ON  THE  INTERFACE  Et'ARD  WHICH  SIMC<.ATES  THE  ENABLE  PULSE 
RELKIRED  BY  THE  ACIA  AND  WATCHCSij  TIMER  IN  ADDITION  TO  THE 
DEVICES  LISTED  AEWE,  THERE  IS  ALSO  AN  INPUT  MULTIPLEXER  CARO 
(J'XD  AT  THE  LMAI.UER  AND  GLIDE  SLOPE  WHICH  IS  CONTROLLED  BY 
CTIJIPIJT  PORT  0 AND  READ  FROM  INPUT  FtlRT  0. 

THE  ACIA  IS  PR'X-RAMMAELE  AS  TO  MODE  OF  OFERATION  AND  THE 
TYPES  OF  INTERRUPIS.  IN  ALL  CASES,  IT  IS  CONTROLLED  BY  THIS 
PRCSRAM  TO  DIVIDE  THE  CL'XK  FRECJXICY  (19  2 KHZ)  BY  64  TO  GET 
300  BAUD,  AND  TO  SEND  EHSHT  DATA  BITS,  AN  ODD  PARITY  BIT,  AND 
ONE  STOP  BIT.  THE  POOR  BYTES  WRITTEN  TO  THE  ACIA  AND  THEIR 
EFFECT  ARE 

DERATION  ACCUMULATOR 

MASTER  RE'SET  £0 

Ml  INTERRUPTS  £1 

X(LY  RECEIVER  INTERRUPTS  61 

RECEIVER  AND  TRANSMITTER  INTERRUPTS  41 


WHEN  THE  PRX-R'AM  IS  INITIALIZED  AFTER  A RESEl  'OR  AFTER 
IFi.OMIm;.  HiJMS',  the  i;ONrENTS  of  1R(10)  are  'SET  TO  HEXIDECIMAL 
B THIS  FORCES  THE  FRXRArt  10  WAIT  FOR  A NEW,  C'jMf'LElE  BLOCK 
Cf  INFfiRMATiCW  ££FCf:E  X'DAIIM:-  THE  CYCLE  RELAY  OR  OThLR 
OUTFIITS,  INDICATES  THAI  Mj  DATA  IS  BEING  SENT,  ALLOWS  IHE 
'SIX  PYifilli.'in  X IHE  F'F.XRAfl  10  UF'DATE  THE  INFOR'HATICIN  TO  BE 
SENT,  AND  INDICATES  THAT  A NEW  LL'KI  SHCyXO  EE  SENT  IHE 
STRUi:T!.iRE  (X  THE  PRO'XAM  IS  'SXH  IHAT  THU  FRAME  HILL  NOT  EE 
SENT  FOR  AT  LEAST  1,3-IH  OF  A SEC'jND,  ALLOWING  THE  NEW  DATA  TO 
BE  RACED  INTO  DATA  RAM  REGISTER  3 THE  MNEUMCiNIC  SlCC' 

STANDS  FOR-  'S'SAN  INPUTS,  IXDAIE  THE  DISPLAY,  AND  PERFORM  A 
CHEOSUM  CKJ  PRil'XAM  MEI'I'XY  (PRiXD  ' 

MOST  Cf  THE  I/O  DONE  BY  IHE  PRoCf'AM  S1M(.ILATES  THE  X'ERAIION 
'X  AN  EIGHT  BIT  BUS  THERE  IS  AN  EIC-HI  BIT  ADDRfSs  BUS  (OUTPUT 
PORTS  2-?',  AN  E1C4(T  BIT  XUPUT  BUS  (X'Tf'UI  PORTS  'j-D,  AND  TWO 
INF'UT  tUX.S  (MAIN  IS  INPUI  FORTS  2-3,  ALTERNAIE  IS  INF'UT  PORTS 
0-1)  rixH  OF  THE  DEVICE  SELECIloN  LXIC  FOR  THE  SIMfXATED 
EK-HT  BIT  HmCHINE  IS  CiNIAINEl'  ON  THE  INTERFACE  CAR'D  THE 
OEVI'X  ADX'ES'XS  WHICH  SIOXD  BE  WRITTEN  TO  THE  ADDRE'SS  BUS  AS 


EACH  X THE  FIELD  LOCATIONS  HAS  AN  IDENTIFICATION  NUMBER 
ASSXIAIED  WITH  IT.  THIS  NUMBER  APPEARS  AS  A PART  X EACH 
HESSAGE  BETWEEN  IT  AND  THE  REMOTE  CONTRX  TOWER.  SINCE  THE  4 
HERTZ  CLXK  APPEARS  AS  THE  LSB  X 1R(14),  THE  ID  BITS  STORED 
IN  IR(14I  MAY  TA),E  ON  TWO  VALXS.  THE  IKNTIFICAIION  NUMBERS 
ARE 


LXATION 

ID 

IR(14) 

LXALllER 

1 

2-3 

GLIX  SLOPE 

2 

4-5 

INNER  MARKER 

3 

6-7 

MIDXE  MARKER 

4 

8-9 

OUTER  MARKER 

5 

lo-n 

PAR-FIELD  HONITX 

6 

12-13 

THE  X'ERATION  X THE  MODEM  IS  CONTROLLED  BY  THE  MOXM  CONTROL 
REGISTER.  THIS  GOVERNS  IHE  TYPE  X MODEM  (ANSWER/XIGINATEI, 
THE  MOX  (NX'MAL/SELF-TEST).  AND  WHICH  SIGNAL  IS  FED  TO  THE 
KMODXATOR  (RECEIVE  FILTER/TRANSMITTER  SQUARE  WAVE).  THE 
THR'EE  NIBBLES  WRITTEN  TO  THE  MOXM  CONTRX  REGISTER  ARE 
X'ERATION  ACCUMOLATX 


L'iiAtfO  INTO  IHL  Ai.cl.WXATiX'  ARE 

1 

mm.  ORIGINATE  MOCf  D 

DEVIiX/X'ERATI'jN 

XCIJMIXATOR 

t 

SELF-TLST  ORIGINATE  9 

Mf 

AO 

1 

StLF-TEST  ANSXR  2 

PE mD  ,V  lA  SIAri.r;. 

7* 

• 

WRITF.  ACIA  CijNTR'X 

77 

1 

PfAD  (VIA  Ilf  PER 

74 

1 

- STEPHEN  £ XLTER 

WRITE  XIA  BUfPER 

75 

t 

- HAY  31,  1976 

WRIIE  MmIiE.M  LUNfkX 

FI 

t 

I'.iAD  t'l'Srl.AY,  F'E'.ET  UAIcHXiIj 

07 

« 

t'V.D  DI'.KLAV  i.N'lY 

37 

L"AD  C (CLE  PL(  hY 

77 

t 

RtAD  ICS  SWllCHEi.'RELAYS 

B6 

1 

THERE  ARE  TWO  iPECIX  ADORESXS  IN  PRXRAM  MEMORY  FX  THE 

R£A(i  Y.LOi'l  , ID,  TIK.intWHEEL 

X 

t 

4040  - ADDRE'iS  0 WHERE  THE  F'RXESSX  STXTS  EXECUTION  XTER  A 

STAF'T  A'D  C'-W/ER'l-ION 

£7 

1 

RESET,  AND  ADX'ESS  3 WHERE  TX  PRXESSOR  JUMPS  WHEN  AN  INTER- 

LOAD  hfl,'4.iVi  'iWIICHLS 

D7 

1 

RXT  IS  RECEIVED  fR£(-LOG  CORPCRATICN  RECCWENDS  PLACING  A 

FEAD  h[m;  relay  INFUI'j 

C4 

(XT  INF'UT  XiS) 

1 

MX  AT  ADX'ESS  0 BECAUSE  X POSSIXE  TIMING  PRuXEMS  CAUSED 

READ  AK  MAilNlTi.lX  fcU'j 

C6 

(ALT  INPUT  BciS) 

i 

WXIM;,  A RESET  TX  JUMP  INSTRUCT ICW  SKIPS  TO  TX  KGINNING 

WRITE  DX  relay  register 

B7 

1 

X IX  MAIN  F'RXJTAM,  SKIPPING  TX  INTERRUPT  ROUTIX  AND  SOX 

E-3 


BESIJVAIIABIE  COPY 


i niSCaUKCOUS  S£RVIC£  routines  nc  location  of  subroutiics 
i in  this  program  IMS  oqic  to  avoid  dividing  a subprogram 

i BETICEN  TUO  PROMS  TNE  4040  DOES  NOT  HANDLE  A CONDITIONAL 
i JUP  ACROSS  PROM  BOUNDARIES  IN  A UNIFORM  MANNER.  RAKING  IT  A 
i \CRY  HAZARDOUS  OPERATION  IN  PRACTICE.  THE  RESULTING  PROGRAM 
i FLOW  (EXTERIOR  TO  INDIVIDUAL  ROUTIICS)  IS  ESSENTIAUY  RANDOM 

i 

NOP  i RECOMMENDED  BY  PRO-LOG 

JUN  INITIAL  i JUMP  TO  THE  INITIALIZATION  ROUTINE 

i 

i THIS  IS  TIC  INTERRUPT  HMCLER  IT  IS  DESIGICD  TO  SERVICE  3 
i TYPES  OP  INTERRUPTS.  RECEIICR  BUFFER  FUa.  TRANSMIT  BUFFER 
i EMPTY.  OR  LOSS  OF  CARRIER  TIC  THREE  INTERRRUPTS  ARE  SERVICED 
i IN  THIS  ORDOt.  WITH  TIC  SUBROUTIIC  CHECKING  FOR  NEW  INTERRUPTS 
i BEFORE  EXITING 

i THIS  IS  A LEVa  3 SUBROUTINE  WHICH  IMPLIES  THAT  THE  MAIN 
i ROUTINE  NAY  NOT  EE  EXECUTING  MORE  THW  A LEVEL  4 SUBROUTIIC 
i UNEN  IT  IS  INTERRUPT  TO  AVOID  PROGRAM  COUNTER  STACK  OVERFLOU! 

4 

i TIC  INTERRUPT  ROUTINE  USES  INDEX  REGISTERS  IN  BAM(  I TO  AVOID 
i INTERFERING  UITH  THE  MAIN  LINE  ROUTINL  SINCE  THE  LOCALIZER 
i DATA  RECEIVING  PROCEDURE  USES  THE  VM.UE  OF  IR(6I  IN  BANC  0.  IT 
i IS  TRANSFERED  TO  BANK  I IN  THE  PROCESS  OF  SAVING  THE  ACC. 
i TO  CONSERVE  DATA  MEMORY  SPACE.  THE  CARRY  BIT  IS  SAVED  IN  THE 
i COMWND  REGISTER . . 


AT  THIS  POINT  SEPARATE  HANDLING  IS  REQUIRED  IF  THIS  IS  TIC 
LOCALIZER  TIC  LOCALIZER  EXPECTS  AN  EIGHT  FRAK  EUXX  IMCH 
names  A CRC  checksum  all  other  field  UNITS  GET  A SINOi 
FRAME  BLOCK  UHICH  SHARE  A COMMON  FORM  NON  QCCK  TO  SEE  IF 
UE  ARE  EXECUTING  AT  TIC  LOCALIZER . . 


OX 
LDMC 
ADO  14 

JCN  2.  SINGLE 


i QCCK  TO  SEE  IF  THIS  IS  THE  LOCALIZER 

i IR(I4I  HILL  BE  A 2 OR  3 IF  LOC 
i JUMP  IF  NOT  TIC  LOCALIZER 


PROCESS  A FRAME  RECEIVED  AT  THE  LOCALIZER  BY  LOADING  IT  INTO 
DATA  RAH.  TICN  CHECKING  TO  SEE  IF  IT  IS  THE  FINAL  FRAIC  OF  A 
BLOCK. 


XCH  6 

S8I 

XCH  6 

ML 

STC 

RAL 

Da 

JHS  RDCNTL 


SAVE  THE  ACC  IN  IR(6)  OF  BANK  0 
TRANSFER  ORIGINAL  IR(6)  DATA  TO  BANK  1 
IRI&I  OF  BANK  0 NOW  SAVED  IN  BANK  1 
SAVE  THE  CARRY  IN  BIT  2 OF  THE  COMMAND 
REGISTER  BY  USING  RAM  BMK  I IF  NO 
CARRY.  AND  'USING'  BMKS  1 AND  2 IF 
THE  CARRY  IS  SET. 

READ  THE  CONTROL  REGISTER  OF  THE  ACIA 


LD  2 
RAL 

FIN  4.  30 
LD  6 

JCN  2.  BODY 
JMS  CLRIGMI 
XCH  S 

JHS  URITMEM 
LD  3 
XCH  & 

ISZ  6.  XHIT 


i IS  THIS  THE  HEADER? 

; CY=0  IMPLIES  THIS  IS  THE  HEADER  FRAIC 
i CONSTRUCT  POINTER  TO  RAH  IN  IR(4-5I 

i JUMP  IF  NOT  THE  HEADER 
i CLEAR  TIC  IGNORE  FRAIC  FLAG 
i POINTER  TO  RAH  IN  IR(4-5I  IS  NON  VALID 
i WRITE  IR(2-3I  INTO  ICHORY  AT  IR(4-3) 
i PUT  TIC  POINTER  BACK  IN  IR<6I 

i JUMP  IF  NOT  THE  LAST  FRAME  OF  TIC  BLOCK 


WE  HAVE  RECEIVED  A CQPLETE  BLOCK  OF  INFORMATION  AT  TIC 
LOCALIZER  COMPUTE  THE  CRC  FOR  THIS  BLOCK.  CHECK  THE  ACX/NAK 
NIBBLE.  THEN  CHECK  TIC  CRC. 


CHECK  THE  CONTRa  REGISTER  OF  THE  ACIA  FOR  THE  TYPE  OF 
INTERRUPT  THIS  IS  THE  POINT  WHERE  THE  ROUTINE  LOOPS  BACK  IF 
MOTHER  INTERRUPT  OCCURS  WHILE  SERVICING  THE  FIRST  ONE 


FIH  0.  30 
LOM  6 
JMS  CRC 
S6H 

JCN  4.  RCVDACK 
JHS  NEWDATA 
RCVDACK:  JK  CHKCRC 


POINTER  TO  THE  HEADER 

PROCESS  12  NIBBLES 

CRC  IS  LEFT  IN  IR(3.5.4I 

COMPARE  THE  ACK/NAK  WITH  AN  ACK 

JUMP  IF  WE  RECEIVED  AN  ACK 

SET  NEWDATA  FLAG  TO  REQUEST  X-NISSION 


INTRUPT  LD  3 
RAR 

JCN  2.  IHITI 
LD  2 
RAL 
RAL 

JCN  2.  FRAICRR 
LDM  8 

JUN  ACIAERR 
FRAICRR  LD  2 

m 

JCN  2.  OVERRUN 
LOM  6 

JIM  ACIAERR 
OVERRUN  RAR 

JCN  2.  REAOFKM 
LDM  3 

ACKCRR  JHS  RCVERR 
JMS  RDFRAME 
JUN  IMIT 

READFRH  JHS  RDFRAME 


LOW  NIBBLE  OF  TIC  CONTfOL  REGISTER 
MOVE  RECEIVER  BUFFER  FLAG  INTO  CARRY 
JUMP  IF  NOT  A RECEIVER  INTERRUPT 
NOW  CICCK  FOR  RECEIVER  ERRORS 
CHECK  FOR  A PARITY  ERROR 

JUMP  IF  NO  ERROR 

ERROR  CODE  FOR  A PMIITY  ERROR 

CHECK  FOR  A FR'^INC  ERROR 
MOVE  FHAMING  LRROR  FLAG  INTO  CARRY 
JlMf  IF  NO  ERROR  DETECTED 
ERROR  NUMBER  FOR  FRAMING  ERROR 
REGISTER  THE  ERROR 
HOVE  OVERRUN  FLAG  INTO  TIC  CARRY 
JUMP  IF  NO  ERROR  DETECTED 
ERROR  CODE  FOR  OVERRUN  ERROR 
REGISTER  A RECEIVER  ERROR 
aEMI  THE  FJiROR 

LOOK  FOR  A TRIMSMinER  INTERRUPT 
READ  TrC  FRAIC  THAT  HAS  RECEIVED 


i IN  THE  PROCESS  OF  CHECKING  THE  CRC,  HE  HAVE  CLEARED  IRI3). 
i THERE  IS  A CRC  ERROR.  HE  HIU  SIGNAL  IT  BY  FAKING  THE 
i RECEPTION  OF  A BAD  CYCLE  FIELD  (SAVES  4 BYTESI 

LD  7 i FLAG  TO  INDICATE  CRC  ERROR 

JCN  C.  CHKCYC 

i READ  THE  HEADER  FRAIC  AND  CHECK  THE  ID  BITS 

i 

FIH  0.  30 

JMS  REAOMEH  i READ  TIC  HEADER  FRAME  INTO  IR(4-9I 

LD  4 I HOVE  ID  BITS  FROM  IR(4)  TO  1R(2) 

XCH  2 

JMS  CHECKID  i CHECK  THE  ID  BITS 

i IF  THE  IGNORE  BLOCK  FLAG  IS  NOW  ON.  Jllff>  AROUW  THE  LOADINB 
i OF  THE  DON  SiWWLS  AND  DIGITAL  FFH  SIGNALS 


I 


BEST  AVAIUBIE-COPY 


XH  2.  mj 

i IF  ON,  JUHP  TO  CHECK  TIC  XHIT  BUFFER 

JCN  2.  CHCDCD 

JUMP  IF  TRFWSHIT  BUFFER  IS  FlU 

i 

LD  10 

CHECK  TO  BE  SURE  TFCRE  IS  DATA  TO  BE 

. NOU  OCQT  nc  FFH  COnriMlCATIONS  STATUS  BITS  FOR  A UDI  ERROR 

RAL 

SENT 

i WHICH  niGHT  AFFECT  US.  THEN  LOAD  THE  FFH  RELAYS  MTO  DON 

RAL 

i OIGITAL-TO-ANALOG  CONVERTERS 

JCN  A,  CHKDCO 

JUHP  IF  NE  ARE  NOT  SENDING  DATA 

I 

UM  B 

i IF  ERROR  IS  5 OR  GREATER.  THEN  IT  IS 

LOAD  THE  TRANSMIT  BUFFER  WITH  THE  NEXT  FRAHE  TO  BE  SENT.  IF 

ADD  S 

. NOT  AN  ADC  ERROR 

THIS  IS  THE  LAST  DATA  FRAHE,  SET  THE  'OKAY  TO  UPDATE'  FLAG  IN 

JCN  2.  NOAOERR 

IRIIOI.  IF  THIS  IS  THE  END  OF  THE  BLOCK.  CLEAR  TIC  SENDING 

LD  5 

i IT  IS  AN  AK  ERROR,  REGISTER  IT 

DATA  FLAG. 

JHS  ERROR 

NOAOERR  FIN  0,  32 

i SECOND  FRAHE  CONTAINS  THE  FFH  RELAYS 

FIHO.  20 

FORM  A POINTER  TO  THE  NEXT  FRMC 

JHS  REAHMEN 

i READ  HEHORY  INTO  IRI4-5) 

LD  9 

TRANSMIT  COUNTER 

JHS  CnA54 

i INVERT  TO  GET  PROPER  VW.UE  TO  WRITE 

XCH  1 

FIN  2/  B7 

i URITE  TO  THE  RELAYS  ON  THE  DAC  CARO 

JHS  READHEH 

READ  THE  NEXT  FRAME  TO  BE  SENT 

JHS  URITE 

JHS  CHA54 

COMPLEMENT  FOR  PRO-LOG'S  NEGATIVE  LOGIC 

INC  1 

i POINTER  TO  THE  DDH  SIGNS 

FIM  2,  75 

ADDRESS  OF  THE  TRANSMITTER  BUFFER 

SRC  1 

JHS  URITE 

SEND  IT 

RON 

i READ  THE  SIGNS  INTO  IR(7) 

INC  9 

UPDATE  TIC  TRMISHIT  COUNTER 

RAL 

i TOSS  OUT  THE  LEADING  BIT 

INC  9 

XCH  7 

ac 

HAVE  ALL  THE  DATA  FRAMES  BEEN  SENT? 

LDH  5 

i IF  THE  THUHEUHEEL  SWITCH  IS  ON  POSITION 

LD  9 

SUB  13 

j 4,  DO  NOT  LOAD  THE  DDH  VALUES  INTO 

SUB  8 

NUMBER  OF  NIBBLES  BEFORE  TRAILER 

JCN  4.  ETC 

i THE  O/A  CWTVERTERS 

JCN  A,  CHKEND 

JUHP  IF  NOT  ALL  DATA  FRAMES  SENT  YET 

INC  1 

, ADDRESS  OF  DCH  1 HAGNlTUDE 

LDH  2 

SET  OKAY  TO  UPDATE  FLAG 

JHS  URDAC 

; CONVERT  HAGNlTUDE,  LOAD  DAC 

JHS  SETFL6 

JHS  URDAC 

1 CONVERT  HAGNlTUDE,  LOAD  DAC  CHKENO:  ac 

JHS  URDAC 

, CONVERT  HAiTNITUDE.  LOAD  DAC 

LDH  4 

HAVE  ALL  THE  FRAMES  IN  THE  BLOCK  BEEN 

1 

ADO  8 

SENT? 

i MOW  READ  AND  CHECK  THE  CYCLE  COMHANO  HTBELE  IF  ONE  OF  THE 

ac 

i TUO  LEGAL  VALUES.  DEfiOUNCE  IT  AND  SET  THE  RELAY. 

SUB  9 

» 

JCN  C,  CHKKD 

JUMP  IF  NOT  ALL  SENT  YET 

ETC  FIH  0.  35 

i POINTER  TO  THE  CYCLE  NIBBLE 

LDH  B 

CLEAR  DATA  BEING  SENT  FLAG 

SRC  1 

JHS  CLRFLG 

RDH 

JHS  RCVONLY 

DISARH  TRANSMIT  INTERRUPTS 

XCH  3 

i PLACE  THE  CYCLE  NIBBLE  IN  IR(3I 

JUN  CHRCYC 

i JUHP  TO  THE  CALL  TO  SUBROUTINE  CYaE 

CHECK  FOR  A LOSS  OF  CARRIER  INltHRuFT  IDCD  = DATA  CARRIER 

» 

DETECT) 

. PROCESS  A SINGLE  FRAHE  BLOCK  BY  REGISTERING  THE  RECEIPT  OF  A 

i NAK.  CHECKING  THE  ID 

BITS,  THEN  CHECKING  AND  PROCESSING  THE  CHKDCO:  JHS  RDCNTL 

READ  THE  CONTRa  REGISTER 

i CYCLE  FiaD 

LD  3 

DAI 

SHIFT  DCD  INTO  THE  CARRY 

SINGLE  v»1S  CLRIGNR 

. CLEAR  THE  IGNi:RE  FRAME  FLAG 

KHL 

RAL 

LD  2 

, CHECK  FOR  A NA(;  (LSB  OF  MSN) 

JCN  2.  FININT 

JUHP  IF  CARRIER  IS  DETECTED 

CLC 

, NEEDED  FUR  CHECKING  THE  ID  BITS 

LDH  D 

RAR 

. MOVE  m BIT  INTO  THE  ACC 

JHS  RCVERR 

REGISTER  DCD  ERROR 

XCH  2 

. SAVE  THE  ID  BITS 

JHS  ROFRAHE 

READ  THE  RECEIVER  BUFFER  TO  CLEAR  KD 

.(N  2.  ACK 

. JUMP  IF  ACK  RECEIVED 

JHS  NEMMTA 

, REOUEST  A NEW  TRANSMISSION 

NOU  CHECK  FOR  ANY  NEW  INTERRUPTS.  IF  NONE  MIE  FOUND.  THEN 

ACK  JHS  (HECKID 

. NON  CHECK  THE  ID  BITS 

RESTORE  THE  CARRY,  ACC.  MXD  1R(6)  OF  BANK  0 

CHKCYC  JHS  CYCLE 

4 

FININT;  JHS  RDCNTL 

READ  THE  CONTROL  REGISTER  OF  TIC  ACIA 

. CHECK  FOP  A TRATChlT  INTERRUPT  SINCE  THE  TRANSflIT  INTERRUPT 

LD  2 

CHECK  THE  INTERRUPT  REOUEST  BIT 

, HAY  EE  DISAELED.  IF  THE  TRAItSHIT  BUFFER  IS  EHPTV.  UE  ALSO  NEED 

RAL 

PUT  IT  IN  THE  CI«RY 

. TO  (HECK  TO  BE  SURE  THERE  IS  DATA  TO  BE  SENT 

JCN  A,  INTRUPT 

ANOTHER  ONE  HAS  ARRIVED,  SERVICE  IT 

* 

LCR 

NO  MORE  INTERRUPTS,  RESTORE  TIC  CARRY 

XHIT  JHS  RDCNTL 

, GET  T)€  LATEST  SCOOP 

RAR 

SHIFT  BIf  2 INTO  THE  CMIRY 

LD  3 

, XHIT  BUFFER  IS  2 S BIT  OF  LSN 

RAR 

RMT 

LD  6 

RESTORE  IRIBI  OF  BANK  0 

XHITI  m 

. ENTRY  IF  NOT  REC  'S  INTERRUPT 

SBO 

RACK  TO  BANK  0 TO  GET  THE  ACC 

E-5 


BBLAVAIUBLE  COPY 


XCH  6 

i RESTORE  THE  ACC  AND  IR(&) 

XCH  10 

BBS 

. RETURN  FROM  INTERRUPT 

0R4 

XCH  10 

NEW  BITS  ARE  NOW  SET,  REPLACE  IR(IO) 

THIS  SUEROUTIIC  IS  USED  TO  LOAD  AND  COMPARE  THE  CRC  COMPUTED 

XCH  4 

RESTORE  IR(4) 

i TIC  CRC  SUIROUTIIC 

IT  IS  A LEVa  6 SUEROUTItC  WHICH  USES 

EIN 

END  CRITICAL  SECTION 

i IR(0-5.7)  MO  RETURNS  IR(7)  NQN-2ERO  IF  TtC  CRC  IS  NOT  EQUAL  TO  RETCHK:  BBL  0 

. THE  ONE  ALREADY  IN  MEIURY. 

) 

. 

THIS  IS  THE  INITIALIZATION  ROUTINE  RESET  AND  PROGRAM  TIC 

CHKCRC  XCH  3 

. FIRST  NIBBLE  OF  TtC  COMPUTED  CRC 

ACIA.  IN1TIM.IZE  THE  DISPLAY  REGISTERS,  MD  THE  INDEX 

JMS  CRC2 

i SIM>  AND  COMPARE  IT  WITH  MEMORY 

REGISTERS.  THIS  IS  WHERE  THE  PROGRM  BEGINS  EXECUTION  AFTER 

LD  4 

i SECOND  NIBBLE  OF  THE  CRC 

A POWER  ON.  MANUAL.  OR  WATCHDOG  RESET. 

JMS  CRC2 

LD  S 

i FINM.  NIBBLE  OF  THE  CRC 

INITIAL; FIH  4.  EO 

MASTER  RESET  THE  ACIA 

CRC2:  XCH  2 

i TEMPORARILY  SAVE  CRC  IN  IR(2) 

JMS  ACIA 

INC  1 

i POINT  TO  NEXT  NIBBLE  IN  DATA  RAM 

FIH  4,  El 

DISABLE  INTERRUPTS.  8 BITS.  ODD  PARITY 

SRC  1 

JMS  ACIA 

WRITE  TO  THE  ACIA 

ROM 

i SWAP  CRC'S 

LDM  9 

ERROR  CODE  FOR  A RESET 

XCH  2 

Da 

USE  RAM  BANK  1 

WRM 

JMS  ERROR 

SET  THE  DISPLAY  REGISTERS 

ac 

i NOW  COMPARE  THEM 

FIH  2,  A6 

READ  THE  ID,  CLOCK,  AND  THll«AEa 

SUB  2 

JMS  READ 

XN  4.  RETRNO 

i JUMP  IF  EQUAL 

LD  2 

INITIALIZE  THE  THUHBWHEa  SWITCH  VALUE 

INC  7 

i INCREMENT  IR(7)  - (INITIALLY  ZERO) 

XCH  13 

RETRNO  BEL  0 

i 

LD  3 

XCH  14 

SET  THE  ID  BITS  AND  4 HERTZ  aOCK 

i THIS  SUBROUTINE  ALLOWS  THE  READING  OF  PROGRAM  MEMORY  BY  THE 

FIH  10.  BD 

SET  IGNORE  FRAME.  UPDATE.  NEW  DATA.  NAK 

. CHEaSLM  PRKEDURE. 

i 

THIS  IS  THE  MAIN  PROGRM  LOOP  THE  PROGRAM  RETURNS  TO  THIS 

PROMO  FIN  4 

i READ  PROGRAM  MEMORY 

POINT  BEFORE  IT  SENDS  A NEW  BLOCK  OF  INFORMATION  THE  PROGRAM 

JUN  ADD23 

. ADD  IT  TO  THE  PARTIAL  CHECKSUM 

FIRST  TRIES  TO  ESTABLISH  HANDSHAKING  WITH  THE  REMOTE  CONTROL 

CHECK  THE  ID  BITS  PASSED  THRU  IR(2)  AOAINST  THE  FIELD 
UNIT  ID  STORED  IN  IR(14).  THIS  SUBROUTINE  ASSUMES  THE  ID  IS 
LOCATED  IN  THE  LOWER  THREE  BITS.  WITH  THE  MSB  SET.  THIS  IS 
A LEVa  6 SUBROUTINE  WHICH  USES  IR(0-2). 


OCCKID  LD  M 

ac 

RAR 

ac 

SUB  2 

JCN  4,  RETRNO 
LDH  6 


LOAD  THE  ID  AND  aOCK  REGISTER 
REMOVE  THE  CLOCK.  BIT 

NOW  COMPARE  THEM 

RETURN  IF  THET  ARE  EQUAL 
ERROR  COLE  FOR  AN  ID  ERROR 


THIS  SUBRCIITINE  PROCESSES  A RECEIVER  ERROR,  BY  REGISTERING 
THE  ERRW  NUMBER  PASSED  THRU  THE  ACC,  SETTING  THE  ACK/NAK 
REGISTER.  IRdl).  TO  A NAK.  AND  SETTING  THE  IGNORE  DATA/NEW 
DATA  PRESENT  BITS  IN  IR(IO)  THIS  IS  A LEVEL  6 SUBROUTINE 
WHICH  USES  IR(0-1I 


RCVERR 


JMS  ERROR 
XCH  It 
LW  9 


REGISTER  THE  ERROR 

SET  THE  ACK/NAK  REGISTER  TO  NAK 

MASK  FOR  IGNORE  DATA/NEW  DATA  PRESENT 


nc  FOaOWING  subroutine  is  used  TO  SET  BITS  IN  IR(IO).  THE 
BITS  TO  EE  SET  (AS  A MASK)  ARE  PASSED  IN  THE  ACC.  NO  REGISTERS 
ARE  DISTURBED  THIS  IS  A LEVa  7 SUBROUTINE. 


SETRG 


DIN 
ICH  4 


CRITICAL  SECTION  OF  CODE  SINCE  IR(IO) 
IS  BEING  MODIFIED 


UNIT  (SNOW  WHITE)  AS  A NQRm.  ORIGINATE  MODEM.  IF  THAT  DOESN'T 
SUXEED.  THE  ATTEMPT  IS  MADE  TO  FAKE  HANDSHAKING  THRU  THE  SELF- 
TEST FEATURE.  ASSUMING  THAT  HANDSHAKING  IS  ACCOMPLIStCD 
SOMEHOW.  THE  PROGRAM  aEARS  ANY  PENDING  DCD  ERROR,  AND  WAITS 
FOR  NEW  DATA  TO  BE  TRANSMITTED,  OR  FOR  A IS  SECOND  TIMER  TO 
EXPIRE.  THE  BLOCK  IS  THEN  FORMED.  FORMATTED.  AND  SENT. 

SOME  EXPLANATION  OF  THE  MODEM  IS  PROBABLY  IN  ORDER  ICRL 
THE  MODEMS  AT  THE  FiaD  UNITS  ARE  tORIGINATE#  MODEMS,  WHICH 
MEANS  THEY  HILL  NOT  TRANSMIT  A CARRIER  UNTIL  THEY  HAVE  BEEN 
RECEIVING  CARRIER  FROM  THE  OTHER  END  OF  THE  LINE  FOR  ABOUT 
A HALF  OF  A SECOND.  HENCE,  ON  THE  FIRST  PASS  THROUGH  THE 
LOOP  BELOW,  THE  MODEM  IS  PROGRAMMED  TO  BE  A NORtML  ORIGINATE 
MODEM  AND  WE  THEN  WAIT  UP  TO  1.  2 SECONDS  FOR  HANDSHAKING  TO 
BE  ESTABLISHED.  IF  HE  HAVE  BEEN  OPERATING  FOR  A WHILE 
(WE  ARE  NOT  HERE  BECAUSE  OF  A RESET  WHICH  EFFECTED  TIC 
MODEM),  HE  HILL  PASS  OUT  OF  THIS  LOOP  VERY  QUICKLY  (ABOUT 
15  MILLISECONDS  REQUIRED  TO  EXECUTE  THE  SUBROUTINE  SIK). 

IF  HANDSHMdNG  IS  NOT  ESTABLISHED  WITHIN  1.  2 SECONDS. 
SOMETHING  IS  WRONG  IT  COULD  BE  THE  PHONE  LINE.  OUR 
RECEIVER,  OR  THE  TRANSMITTER  IN  THE  MODEM  AT  T)C  ATCT.  IN 
CASE  IT  IS  THE  LATTER.  WE  COULD  STILL  SEND  MESSAGES  TO  THE 
TOWER  (TaLING  IT  AMONG  OTHER  THINGS  THAT  WE  ARE  NOT  HEARING 
ITS  TRANSMITTER)  IF  WE  COULD  FAKE  THE  HANDSHAKING  TO  START 
OUR  TRANSMITTER.  HE  DO  THIS  BY  SWITCHING  TO  AN  ANSWER 
MODEM  IN  THE  SELF-TEST  MOK  LONG  ENOUGH  TO  START  THE 
TRANSMITTER  AND  FOa  IT  INTO  THINKING  IT  HAS  SUCEEOED  IN 
HANDSHAKING  WITH  THE  FAR  END.  IF  THIS  FAILS.  A PROBLEM 
EXISTS  IN  OUR  MODEM  AND  HE  SIGNAL  ON  THE  SEVEN  SEGMENT 
DISPLAY  A MODEM  ERROR 

ONCE  HE  HAVE  FAKED  THE  HANDSHAKING  IN  TIC  ANSHER/SELF- 


E-6 


BH  AVAIUBIE  cow 


i TEST  nOK,  tC  OUICKLY  SNITCH  TO  ORIGINATE  NODE.  BUT  STILL 
i SELF-TESTING  THIS  PUTS  OUR  TRANSBITTER  ON  THE  RIGHT 
i FREOUENCY  TO  SEND  INFORHATION  TO  THE  ATCT.  SINCE  THE  HOOEB 
• IS  STILL  IN  SELF-TEST  HODE,  ME  MILL  NOT  GET  A DCD  (DATA 
i CARRIER  DETECT)  ERROR.  NOTE  THAT  HE  MILL  NOT  SE  ABLE  TO 
i RECEIVE  NESSAGES  FROH  THE  ATCT  UNTIL  ME  TRY  ESTABLISHING 
i HANDSHAKING  AGAIN  AFTER  SENDING  THE  CURRENT  BLOCK  OF 
i INFORHATION. 


LOAD  AND  FORHAT  A BLOCK  OF  DATA  TO  BE  SENT  IN  DATA  KHORY 
REGISTER  Z 


RAIN:  LDH  D 
HAINI:  JHS  HODEH 
ADD  IS 
NRI 

CTS.  JHS  SlOC 
JHS  RDCNTL 
LO  3 
RM. 

JCN  2.  CTSOK 
LO  0 
SUB  15 
XN  C.  CTS 
ROl 
RM. 

LDH  D 

JCN  2.  NODERR 
LDH  E 

nODERR  JHS  ERROR 
LON  2 
JUN  NAINI 


SET  HODEH  TO  NORHAL  ORIGINATE  NODE 
LOAD  THE  HODEH  CONTRa  REGISTER 
SET  TIHER  FOR  1.  2 SEC  FOR  (MNDSHAKING 
SAVE  IN  TRANSHinER  TIHER  LOCATION 
SMKE  INFAITS.  ETC.  ONCE  UHILE  UAITING 
READ  THE  ACIA  STATUS  REGISTER 
CHECK  THE  CTS  BIT 

JUHP  IF  aEAR-TO-SENO 

LOAD  THE  TRANSHinER  ^IHER 

COHPARE  IT  HITH  THE  aOCK 

LOOP  BACK  IF  NORE  TIHE 

READ  THE  CURRENT  HODEH  CONTROL  CONTENTS 

SET  THE  HSB  TO  FORH  THE  ERROR  fFJHBER 

ERROR  CODE  IS  D IF  CURRENTLY  ORGINATING 

ERROR  CODE  IS  E IF  ANSUER  SELF-TEST 
REGISTER  DCD  OR  SELF-TEST  ERROR 
SET  HODEH  TO  ANSMER  NODE.  SELF-TEST 
TRY  IT  AGAIN . . 


HE  )MVE  ESTABLISHED  HANDSHAKING.  EITHER  NITH  SNOH  NHITE  OR 
(rTTSaVES.  CHECK  FOR  A KD  ERROR.  THEN  SHITCH  TO  ORIGINATE/ 
SELF-TEST  IF  IN  THE  ANSWER  NODE. 


FIH  4.  20 
LD  14 

ac 

RMI 
XCH  2 
CL6 
XCH  12 
XCH  3 

JHS  HRITHEH 
LDH  2 
SUB  8 
DIN 
SBl 

FIH  0.  20 
JHS  CRC 
XCH  11 
URH 

JHS  CHKCRC 
S80 
CLB 
XCH  9 
LD  10 
RM. 

LDH  8 
RAR 
XCH  10 
FIH  4,  41 
JHS  ACIA 
ADD  15 
HRl 


POINTER  TO  DATA  RAH 

THE  SOURCE  ID  BITS  ARE  FIRST 


i RESET  COHHUNICATIONS  STATUS 

i WRITE  THE  ICADER  FRMC  INTO  tCHORY 
i CALCULATE  CRC  COUNTER 

i CRITICAL  SECTION  OF  CODE  BEGINS  HERE 
i POP  INTO  BANK  1 TO  USE  1R(7) 
i STARTING  POINTER  FOR  CRC 
i COHPUTE  THE  CRC  FOR  THIS  BLOCK 
i LOAD  AND  RESET  THE  ACK/NAK  REGISTER 
i PLACE  IT  INTO  HEHORY 
i LOAD  TIE  CRC  INTO  HEHORY 
i FINISHED  HITH  IR(7).  BACK  TO  BANC  0 
i SET  POINTER  TO  FIRST  FRMC  TO  IE  SENT 

i LEAVING  THE  IGNORE  FRMC  FLAG  ALDIC. 
i SET  SENDING  DATA.  CLEAR  OKAY  TO 
i UPDATE  AND  )CH  DATA  PRESENT 


ENABLE  BOTH  XHIT  AND  RECEIVE  INTERRUPTS 
PERFORHS  AN  EIN  BEFORE  RETURNING 
SET  HAXINUH  TKC  TO  SEND  BLOCK 
SA(C  IT  IN  THE  TRANSHIT  TIHER  LOCATION 


RM. 

ROl 
XCH  0 

JCN  2.  KOOK 
JHS  RDFRAHE 
LO  0 
RAL 

JCN  2.  ENRCVIN 
LDH  9 
JHS  HODEH 


SHIFT  KO  INTO  THE  CARRY 

READ  HODEH  CONTROL  WHILE  SRC  IS  SET 

SAVE  IT  FOR  LATER 

JUHP  IF  KD  IS  NORIML 

CLEAR  THE  KD  ERROR  RAG 

LOAD  CURRENT  HOOEH  CONTROL  CONTENTS 

CHECK  FOR  ANS/ORG 

JUHP  IF  ALREADY  AN  ORIGINATE  HODEH 

SET  ORIOUWTE/SELF-TEST 


j WAIT  FOR  THE  BLOCK  TO  BE  TRANSHITTED.  IF  HE  LOSE  CARRIER  OR 
i FOR  SOHE  OTHER  REASON  THE  BLOCK  1$  NOT  SENT  PROPERLY.  THE 
i TIICR  Hia  RELEASE  US  FROH  THIS  LOOP.  NOTE  THAT  IF  THIS 
i HAPPENS.  IT  Hia  APPEAR  THAT  A WATCHDOG  RESET  OCCURED. .. 

* 

HAITXHT.JHS  SIK  i SAHPLE  INPUTS.  ETC.  WHILE  WAITING 


i ENABLE  THE  RECEIVER  INTERRUPT.  ifET  THE  15  SECOND  TIHER.  AND 
. WAIT  UNTIL  THERE  IS  NEW  DATA  TO  SEND. 

* 

EfCCVlN  JNb  ntVONLY  ' ENAKE  ACIA  RECEIVER  INTERRUPTS 


R03 
ADD  3 
HRl 

KDOATA  JRS  SIK 
LD  to 
RMI 

JCN  2.  GO 
RD3 
SUB  0 


LD  10 

RAL 

RAL 

JCN  A.  HAIN 

ROl 

CLC 

SUB  15 

JCN  C.  HAITXHT 
JUN  INITIAL 


CHECK  FOR  DATA  BEING  SENT 


JUHP  TO  NAIN  IF  DOFE  SENDING 
CHECK  THE  TIHER 


LOOP  IF  TIIC  IMS  NOT  EXPIRED 
PROBLEHS.  START  OVER  AGAIN 


READ  THE  HINUTES  KOCK 
ADD  7 TO  IT 

SET  THE  TRANSHIT  TIHER  LOCATION 
SCAN  INPUTS.  DISPLAY.  AND  CHECKSUH 
GO  IF  NEW  DATA  IS  PRESENT 

JUH>  IF  «H  DATA  FLAG  IS  SET 

CHECK  TO  SEE  IF  15  SECONDS  IMVE  ELAPSED 


JCN  C.  QLOOATA  i LOOP  AGAIN  IF  TIHE  IS  NOT  UP 


THIS  SUBROUTINE  SUBTRACTS  THE  ZERO  REFERENCE  VALUE  (IN  2'S 
CUHPLEHENT)  FROH  TIC  DDH  VALUE  (ALSO  2'S  CONPL  I.  (XMCRTS  IT 
TO  SIGN-HAGNITUK.  FORHATS  TO  SEVEN  HAGNITUOE  BITS.  MU  STORES 
THE  RESaT  IN  DATA  RAH  TO  BE  SENT.  IF  TIC  NEW  VALUE  IS 
DIFFERENT  FROH  THE  OLD  VALUE.  IT  SETS  TIC  NEW  DATA  PRESENT 
FLAG  THIS  IS  A LEVEL  6 SUBROUTINE 
AFTER  THE  SUBROUTINE  CALL  TO  READHEH.  THE  INDEX  REGISTERS 
CONTAIN  TIC  FOaOHlNG  INFORHATION: 

IRIO)  > 1 

IR(1)  « POINTER  TO  SECOND  NIBBLE  IN  DATA  RM1 


BEST  AVAIWBIETOPY 


. IR<2)  = L&N  Cf  THE  ZERO  REFERENCE  VALUE 

i 1R(3)  = nSN  OF  THE  ZERO  REFEREfJCE  VW.UE 

i IR(4)  = LSN  OF  THE  DOM  VALCC 

i IR(5I  = HSU  OF  THE  DW  VALUE 

. IR(6»  = ;SB  IS  SICVI  Cf  THE  ZERO  REFERENCE  VALUE 


1R(7)  = KB  IS  SIGN  Cf  THE  DM  VALUE 


. RAN  OF  THE  LAST  SAHFIE  IS  PASSED  IN  IR(O-l)  THE  NAIN  ICKKY 
i CHARACTERS  IN  REGISTER  0 OF  DATA  RAN  ARE  USED  FOR  PREVIOUS 
i SAMPLES.  REGISTER  I FOR  THE  OEBOUNCE  COUNTERS.  AND  REGISTER  2 
. FOR  THE  DEBOUNCED  VALUES  IR(2I  IS  USED  FOR  SCRATCH  STORAGE. 

. 1R(1)  IS  incremented  on  return.  IR(0I  and  the  CARRY  ARE  LEFT  AS 
. 0.  THIS  IS  A LEVEL  & SUBROUTINE  WHICH  USES  lR(0-2). 


SUBO:  REAPMEM 

ac 

CD  4 
CUB  2 
XCH  5 
CMC 
SUB  3 
XCH  4 
ICC 
XCH  7 
RAL 
XCH  7 
CMC 
SUB  6 
RAR 

XN  A.  SHIFT 
JMS  CMA54 
ISZ  5.  SHIFT 
INC  4 

SHIFT  TCC 
ADD  7 
XCH  7 
LD  4 
STC 
RAR 
XCH  5 
RAR 
XCH  4 
INC  0 
SRC  I 
RM 
XCH  4 
HR'M 

ac 

SUB  4 

JCN  4,  SAtECiM 
JNS  NEHDATA 
SAmEDM  LD  1 
DAC 
XCH  I 
SRC  1 
RM 
XCH  S 
URM 

ac 

SUB  5 

XN  4,  RETRNl 
TEODATA  LM  I 

AW  SETFLG 


i READ  A DM  MAiIHITUCf 
. SUBTRACT  LSN  OF  ZERO  FRM  THE  DM  LSN 


i SAVE  FESIXTINO  LSH  IN  IR(5) 

. SUBTRACT  NSN  Cf  ZERO  FROM  IHE  DM  MSN 

. SA»E  RESIXTING  MSN  IN  IR(4I 
. TO  SUBTRACT  SICHS.  FIRST  SAVE  BORfiOH 
i INLSNCflR(7) 

i LOAD  SIGN  OF  DM  INTO  CARRY,  SHIFT  IN 
i SIM  NIBBLE  TO  IR(7).  BuRRCU  TO  ACC 
. SLIBTRACT  SIGN  OF  DM  FROM  REF.  SIUN 
i RESULT  IS  LSb  IN  ACC 
. NEW  SIM  IN  THE  CARRY.  MAij  IN  IR(4-5) 

; .JUMP  IF  THE  RESULT  IS  PiJSlTlVE 
. COfAERT  MAGNITUDE  BEFORE  FINISHING  CY 
i INCREMENT  IR(5-4) 

i SIGN  BAi;F  TO  Ai:c 
i OR’  SICH  INTO  IR(7) 

. NEW  SUM  SAFELY  STCfED  IN  IR(7) 
i LOAD  MSN,  SHIFT  IN  LEADING  1 


, SAVE  THE  MSN,  LOAD  THE  LSN 
i SA'JE  THE  LSN 

i CHANiX  REGISTERS  TO  C4.0  MAiSNlTUICS 
. NOW  SWAP  THE  NEW  AND  OLD  LSN'S 

i COMF'ARE  THEM 

i .XIMP  IF  NiJ  CHAMjE 

. MOVE  POINTER  BACK  TO  THE  OLD  MSN 


, SWAP  THE  iXD  AND  NEW  VALIXS 


. CCHf  ARE  THEM 
. X(MP  IF  THEY  ARE  THE  SAME 
. SET  NEW  DATA  PRESENT  FLAG 


XECOX:  SRC 

1 

XCH 

2 

RM 

XCH 

2 

WRM 

ac 

SUB 

t 

IX 

0 

SRC 

1 

JCN 

c. 

DIFFER 

RM 

IX 

JCN 

c. 

XSET 

LD  10 

RAR 

RAR 

JCN 

A. 

XSETl 

IX 

0 

SRC 

1 

ac 

RM 

SUB 

2 

XN 

4. 

XSETl 

JMS  NEWDATA 
LD  2 
SKP 

DIFFER:  LM  C 
RESET:  WRM 
RESET  1 aB 
XCH  0 
INC  1 
RETRHl  . Etl  0 


i SWAP  ACC  WITH  CONTENTS  OF  KHORY 


NOW  COMPNC  THE  TWO  SAMPLES 

HOVE  THE  POINTER  TO  BEBOUNCE  COUNT 

JUMP  IP  THE  SAMPLES  ARE  DIFFERENT 
THEY  WERE  THE  SAME.  INCREMENT  THE  COUNT 

JUMP  TO  STORE  COUNT  IF  NOT  NOW  ZERO 
CHECK  TO  SEE  IF  UPDATING  IS  FORBIDDEN 
(2^S  BIT  OF  IR(IOI) 

IF  0.  ILLECM.  TO  CHANGE  DEBOUNCED  VALX 
NOT  BLOCKED.  HOVE  POINTER  TO  DEBOUNCED 
VALX  (REGISTER  2> 

UNFARE  XW  AND  OLD  DEBOUNCED  VALUES 
XD  XBOUNCED  VALX 
XW  VALX  IS  STORED  IN  IR(2) 

TXY  ARE  TX  SAX.  DON'T  BOTHER 
SET  FLAG  INDICATIX  NEW  DATA  PXSENT 
WRITE  XW  VALX  INTO  MEMORY 

XSET  TX  XBOUNCE  COUNT 

WRITE  EITXR  COUNT  OR  DEBOUNCED  VALX 

XSTORE  1R(0)  TO  ZERO 

HOVE  POINTER  TO  XXT  VALX 


. THIS  SUEROUTIX  LOADS  TX  DIGITAL-TO-ANALOG  CONVERTERS  BY 
. READING  TX  SIGN-HAMITUX  VALX  FROM  XNORY.  THEN  CONVERTIX 
. TO  XFSET  BINARY  THIS  IS  A LEXL  i SUEROUTIX. 


WRDAC:  IX  1 

JMS  REACXM 
LD  7 
RAL 
XCH  7 

XN  2.  XGATIV 
JMS  CMA54 
ISZ  5.  XGATIV 
IX  4 

XGATIV  JMS  CMA54 
IX  2 
JUN  WRITE 


. XXT  NIBBLE.  PLEASE 
i XAO  MEMORY  POINTED  TO  BY  IRIO-U 
i C«AB  TX  SIM  BIT 

i SAX  TX  XST  X TX  SIGNS 
i JUX  ARcXMD  2'S  COMPLEXNT  IF  XGATIX 
. TAKE  TX  2'S  COMPLEMENT 


i COXENSATE  FOR  PRO-LOG'S  XGATIX  LOGIC 
. INCREMENT  XVICE  ADDRESS  POINTER 


. THIS  Sl.itRiXiTirC  lEBiXitMES  AN  IfflJT  SIMAL  BX  XWIRIX  THAT  . 
. IT  HAVE  TX  SAKE  VALlf  FCf  FiXf  S<XCESSIX  SAXIES  IX  LATEST  i 
. SAMF1.E  IS  PAS  -ED  IN  TX  ACC  A FOINTER  TO  TX  LCCATIM  IN  MTA  . 


THIS  SUBROUTIX  WRITES  TO  TX  MODEM  CONTRa  XGISTER  AM)  ALSO 
SAVES  TX  VALX  XITTEN  IN  STATUS  CHARACTER  1 X XGISTER  2 
IX  FINAL  SRC  IS  3F  THIS  IS  A LEXL  6 SUBROUTIX  WHICH  USES 


I 


I 


E-8 


i 111(2-9). 


BEST  AVAIUBLE  COPY 


i OR  HEAD  AND  PROXSS  1)E  KSULTS  OF  A COWERSIOM 


MOOCH  FIH  2.  20 

i SMC  TIC  HOOCH  CONTROL  CONTENTS  FIRST 

LON  3 i 

MASK  OFF  LOUER  TUO  BITS  OF  THE  STATE 

SRC  3 

URI 

AN7  i 

XCH  1 

NUMBER  FOR  INDIRECT  ADDRESS 

XCH  9 

FINO  i 

FETCH  TASK  ADDRESS 

FIM  2.  FI 

i HOOEH  CONTROL  ADDRESS 

JNS  SUBJNP 

FORGED  INDIRECT  SUGROUTIIC  JIfP 

JUN  URITE 

i URITE  IT 

LDHC  i 

SIZE  OF  XHIT  BLOCK  LESS  TRAILING  FRAMES 

1 

i TIC  FaLOUING  SUEROUTIIC  IS  USED  TO  ALLOU  THE  READING  OF 

SKP  i 

i 

SCAN  INTERFACE  CARD  IMDTS  TOO 

i PROGRAM  ICMORY  FOR  PERFORMING  A CHECKSUM  ON  THE  PROMS. 

i THIS  SUBROUTINE  SCANS 

nc  RELAY  CONTACTS  AHAOCD  TO  THE 

1 

PROMl:  FIN  4 

JUN  A0D23 

i READ  PROGRAH  HENDRY 

i INTERFACE  CARD  M OEBOUNCES  THEM  IT  IS  A LEVEL  9 SUmoUTliC 

i UHICH  USES  IR(0-3I. 

A 

=200 

THE  FOLLOMIHG  SUBROUTINE  IS  THE  MAIN  HOUSEKEEPING  PORTION  OF 
THIS  PROGRAH  IT  SCANS  AND  DEBOUNCES  THE  INPUTS  (DIGITAL  (MO 
ANALOG).  REFRESHES  AND  UPDATES  THE  7-SEC(tNT  OISPLAV.  AND 
PERFORHS  the  CHECKSUN  of  PROGRttI  HEHORT.  SIK  IS  A (fCUHONIC 
FOR  SCAN  INPUTS.  DISPLAY.  (MD  CHECKSUK 
THIS  IS  A LEVEL  4 SUBROUTINE 


INDIRECT  ADDRESSES  FOR  SUBROUTINES  UHICH  PERFORH  VARIOUS 
FUNCTIONS  REOUIRED  TO  OPERATE  T)C  A(WLOG-TO-D1CITAL  CONVERTER 
SYSTEM  FOR  DICITIIING  THE  DON  (DIFFERENCE  IN  DEPTH  OF 
)nOULATION)  SIGNM.S. 

4STARTA0  i SET  HliLTIPlEXER  AND  START  CONVERSION 

4INCRA0C  i DUmy  STATE 

IMAITAIC  . NAIT  FOR  THE  CONVERSION  TO  COIfLETE 

IREADADC  i READ  AND  PROCESS  THE  RESULTING  VALUE 


SCANIFC.UM  4 
SCANIl:  XCH8 

FIN  2.  U 
J1S  READ 
FIH  0.  02 
LD  2 
RAL 
STC 
RAR 

uris  OEBOUNC 
LO  3 

JHS  DE60UNC 
JUN  OCCKS 


NIBBLES  IN  BLOCK  LESS  TRAILING  FRAMES 
STORE  THAT  COUNT 
ADDRESS  OF  INTERFACE  ItfUTS 
READ  INPUTS  INTO  IR(2-3) 

POINTER  FOR  DEBOUNCE 
OEBOUNC  THE  FIRST  NI88U 
BUT  SET  MSB  FIRST 


i OEBOUNC  nc  SECOND  NIBBLE 
i JUMP  TO  THE  OCCKSUH  PROCEDURE 


THIS  SUBROUTINE  USES  THE  INPUT  MULTIPLEXOR  CARO  (FROM  PRO- 
LOG) TO  SCAN  THE  RELAY  CONTACTS  AT  THE  GLIDE  SLOPE  MD 
LOCALIZER  MEMORY  CHARACTERS  2 THRU  9 (WE  READ  FROM  INPUTS  2 
T)#iU  7.  THEN  0 AND  1 RESPECTIVELY. 

THIS  IS  A LE)1L  S SUBROUTDC  USING  IR(0-2). 


SCMMUX  LDM  A 


i DETERMINE  UHICH  IfWTS  TO  SCAN  BY  USING  THE  VALUE  OF  THE  ID  XCH  8 

i STRAPS  ON  THE  INTERFACE  CARO  UHICH  ARE  STORED  IN  IR(I4).  FIM  0.  02 

‘ SCANMl  SRC  I 

SIOC:  aC  i FIRST  CHECK  FOR  T)C  LOC  AND  GLIDE  SLOPE  LD  1 

>-0"  A W9, 

ADO  14  i CARRY  IS  NON  ZERO  IF  LOC  OR  GS  RDR 

XN  A.  SCANMUX  i JUMP  IF  THIS  IS  THE  LX  OR  GLIDE  SLOPE  JHS  DEBOUNC 

LDM  3 i CLEAR  THE  CARRY  IF  THIS  IS  A (NWKER  LDH  A 

ADD  14  j 

JCN  A.  SCANIFC  . JUMP  IF  THIS  IS  A fWRYER  XH  C.  SCANMl 


i NIBBLES  IN  BLOCK  LESS  TRAILING  FRMES 

i POINT  TO  FIRST  MEMORY  CWWACTER 
i SELECTS  RAH  OUTPUT  AND  MUX  INPUT  PORTS 

i SELECT  T)£  MULTIPLEXOR  I)«>UT  PORT 
i READ  IT 

i STORE  AND  OEBOUNCE  IT 
i CHECK  FOR  COMPLETION 
i CARRY  IS  CLEARED  BY  OEBOUNC 
i LOOP  THRU  AGAIN  IF  NOT  DOC 


. THIS  SUBROUTINE  IS  USED  AT  THE  FAR-FIELD  MONITOR  TO  READ  THE 
. DIGITAL  REIAY  INPUTS  (STATUS  AND  WINTENANCE  MONITOR  SIGtWLS) 
. AND  TO  OPERATE  THE  ANALOG-TO-PiOITAL  CONVERTER  UHICH  READS 
i T)C  DOM  SIGNALS.  THIS  IS  A LEVEL  4 SUBROUTINE 


SCANADC  FIN  2.  C4 
JNS  READOl 
LO  2 

FIH  0.  05 
JNS  DEBONC 


SELECT  ADC  FLAGS  AND  RELAY  INPUTS 
READ  THEM  INTO  IR(2-3) 

LOAD  THE  RELAYS  INTO  A(t  FOR  DEBOUNCING 
POINTER  TO  STORAGE  FOR  DEBOUNC 
STORE  AND  DEfiOUNCE  THE  DIGITAL  INPUTS 


. IR(7)  OF  BANK  0 CONTAINS  THE  CURRENT  STATE  OF  PROGRESS  IN 
. SCAfMIW  T)C  ANALOG  INPUTS  DEFENDING  ON  ITS  VALUE.  UE  SHOULu 
. E1T)CR  START  A CONVERSION.  UAlT  FOR  A CONVERSION  TO  FINISH. 


i PERFORH  A CHECKSUM  ON  ALL  F1)C  PROMS  IN  ORDER  TO  MINIMIZE 
i THE  IMPACT  OF  THE  EXECUTION  TIME  OF  A COMPLETE  CHECKSUM.  OtY 
I ONE-SIXTEENTH  IS  PERFORMED  PER  PASS.  THE  ADDRESS  POINTER  (M) 
i PARTIAL  SUM  ARE  STORED  IN  TIC  STATUS  CHfVMCTERS  0.  2.  AM)  3 OF 
i REGISTER  0 OF  TIC  DATA  RAM  THIS  ROUTDC  TAKE  (WPROXlMATaY 
i 11  8 MILLISECONDS  TO  EXECUTE  THIS  IS  A LE\CL  4 ROUTINE  NHICN 
i USES  IR(0-3). 

CHECKS:  FIH  0.  10  ; READ  RAM  AND  RESTORE  INDEX  REGISTERS 

SRC  I 

RDO  i RESTORE  HIGH  NIBBLE  OF  THE  ADDRESS 

XCH  0 

RD2  i RESTORE  HIGH  NIBBLE  OF  PARTIAL  SUM 

XCH  2 


BESI.AVAIUBLE  COPY 


K03 
XCH  3 
JHS  PROnO 
JHS  PROBl 
FIN  4 
JNS  ADD23 
JHS  PROK3 


RESTORE  LOU  NIGGLE  OF  PARTIAL  SU1 

FETCH  PfiCn  0 CONTENTS.  ADO  TO  IR(2-3) 
PROH  1 
PROM  2 


I 2.  TICK 
I 2.  07 
: URITE 
; 15,  TICK 
I 2.  30 
3 


TIC  CONTENTS  OF  PROH  4 HERE  FETCHEO  AFTER  ADDING  PRON  3'S 
CONTENTS  INTO  TIE  PARTIAL  SUN.  NOU  CAa  ADD23  TO  ADO  PRON 
PROH  4'S  CONTENTS. 


JUS  AII023 
ISZ  1.  AGAIN 
IS2  0,  SAVCHK 
LD  2 

XN  C.  CHKERR 
LD  3 

XN  4,  SAVCHl; 
CHKERR  LDN  F 

JHS  ERROR 
FIH  4.  10 
SRC  5 
FIH  2.  0 
SAVCHK:  LO  0 
URO 
LD  2 
UR2 
LO  3 
UR3 


i PRC4t  4 

i INCREHENT  THE  LSN  OF  THE  ADDRESS 
i INCREHENT  THE  HSN  OF  THE  ADDRESS 
i COHPLETED  HHOLE  THING-  CHECK  RESULT 
i JUHP  IF  AN  ERROR 

. XWP  IF  OKAY 
i ERROR.  NON-ZERO  CHECKSUH 
i REGISTER  THE  ERROR 
i RESTOR:E  THE  SRC 

i RESET  THE  CHECKSUH  PfPTIAL  SUH 
i SAVE  THE  ADDRESS  POINilK  (HSN) 

i SAVE  THE  HIGH  NIGDLE  OF  THE  PARTIAL  SUH 

j SAVE  THE  LOU  NIGGLE  OF  THE  PARTIAL  SUH 


I 0 

I C.  TICK 


CALL  THE  DISPLAY  DRIVER. 


JHS  DISPLAY 
FIH  2,  87 
jnS  URITE 


ADDFESS  OF  7-SEOHENI  DISPLAY 
URITE  fCU  character 


REAP  AND  ICGOUNCE  THE  ID  STRAP'S,  4 HERTZ  aOCK,  AND  THE 
THUHGUHEEL  SUITCH  SIWIE  THE  4 HERTZ  CLOCK  SHCLID  HAVE  aEAN 
EDGES,  ONLY  LIHITED  DEGOUHCINO  IS  PERFOfi'hED  ON  IT 


FIH  2,  A4 
JHS  READ 
R02 
XCH  2 
UR2 

ac 

SU6  2 

JCN  C,  nOVING 


RD3 

lAC 

SIR 

ROVING  LDH  I 


UR3 

JCN  C.  aOCK 


ADDRESS  OF  THE  INTERFACE  INPUT  PORT 
READ  INTO  IR(2-3),  SRC  IS  20  WCN  DONE 
SUAP  THE  THUHGUICEL  SUITCH  SAHPLES 


NOU  COHPARE  THEN 

JUHP  IF  THE  SUITCH  IS  HOVING 

READ  THE  DEEOUNCE  COUNT 

INCREHENT  IT 

NOU  STCfE  IT 

RE'SET  the  DEGC<JNCE  COUNT 

STORE  THE  DEiawCE  COUNT 

XHP  IF  MIT  A KCU  OEGCWICED  VALX 

PUT  NEU  DEECiUNCED  VALX  INTO  IR(I3) 

LOAD  TX  VALX  JUST  READ  FOR  ID.  aCCK 
STORE  IN  IR(t4) 

CXCK:  TX  CLOCK  FOR  IX  PASSING  X 1/8 


OF  A SECOND.  IF  PASSED.  RESET  TIC 
UATCHDOG  AND  XDATE  TX  IRIIS)  CLOCK 
RESET  TX  UATCHDOG.  X-URITE  TX  7-SEG 

aOCK  TICK.  INCREXNT  EIGHTHS 
INCREHENT  2 SECOND  CLOCK 


SAVE  TX  2 SECOND  COUNTER  VALX 
READ  XXIVER  TIHER 
COHPARE  THEN 

OKAY  IF  TXY  ARE  DIFFERENT 
ADVANCE  TIXR  GY  2 SECOMIS 


TIXS  X,  XGISTER  ERROR 
XGISTER  ERROR.  SET  NEU  DATA  FUC 
XTURN  XHIT  aOCK  IN  IR(0) 


GEL  0 j aOCK  HAS  TICKED.  RETURN  TO  NAIN 

THIS  SUGR'OUTIX  CONFUTES  TX  CYaiC  XDUNDANCY  CXCK  REIMIWER 
POR  CONSECUTIX  NIBBLES  IN  DATA  RWl,  XGIMIING  UITH  TX 
CHARACTER  POINTED  TO  BY  IR(O-l).  TX  CRC  UAS  XSEARCNEO  BY 
C.  R.  UiaiAHS  AND  IS  A SHORTEXD  CVaiC  HWtllNG  COX  (47.38). 
TX  GEXRATINO  POLYNOHIAL  IS  X^  ♦ X''4  ♦ 1.  IT  XTECTS: 

. Aa  SINGLE  ERRORS 
. ALL  DOUBLE  ERRORS 
. ALL  BURSTS  X LENGTH  9 X LESS 
. 99.  i PER  CENT  X ALL  BURSTS  X LENGTH  10 
99.  8 PER  CENT  X ALL  BURSTS  X LENGTH  11  X GREATER 
TX  SUEROUTIX  USES  IR(0-7)  AND  LEAVES  TX  CRC  REMAINDER  IN 
IR(3,4,5)  IN  TX  FORHAT  USED  FX  HXTIPLE  FR«C  BLOCKS.  THIS 
A LEVEL  7 SUBROUTirC.  TX  NUMBER  X NIBBLES  TO  K SCANNED  IS 
INDICATED  BY  TX  NUHBER  PASSED  THRU  TX  ACC  UHICH  SHOULD  EfiUM. 
TX  2'S  COHPLEHENT  X (2-N).  TX  CARRY  IS  CLEARED  UPON 
XTURN. 


CRC:  XCH  7 


i SAVE  TX  COUNT  IN  1R(7).  SAX  OLD  IR(7) 


INITIALIZE  Ifi(4-5)  HITH  TX  FIRST  TUO  CHXACTERS.  SET  TX 
CARRY  TO  ZERO  TO  STXT  HITH  UNCOHPLEHENTEO  SHIFT. 

JHS  READMEH  i READ  TX  FIRST  TUO  OWIACTERS 

IX  1 i XDATE  TX  POINTER  TO  XXT  CHARACTER 

CLC  ; INITIALIZE  TX  CARRY/LINK  TO  ZERO 

SET  COUNT  FX  TX  NUHBER  X BITS  TO  K SHIFTED  FRX  IR(3) 

(4  BITS)  BEFORE  READING  TX  XXT  CIMRACTER  TXN  READ  TX 
CHARACTER  AND  STORE  IT  IN  IR(3).  UATX  CAREFIUY. . . 


CRaOX  FlH  2,  CO 
SRC  1 
ROH 


i IR(2)  IS  BIT  COUNTER 
i XAD  TX  CHARACTER 


E-10 


IF  THE  CARRY  IS  NCM  ZERO.  LEFT  SHIFT  IR(3.S.4I.  IF  IT  IS  ONE. 
DO  THE  SHIFT  AND  PERFORM  THE  EXCLUSIVE-OR  (lOR)  BY  INVERTING 
BITS  4 AND  0 


BBI  AVAIUBU  COPY 


TO  3-IR(2).  IF  THE  MSB  OF  THE  ADDRESS  IS  A ZERO  (HOQEII  ADDRESS 
SENAPHORE).  A 'NOP'  IS  WRITTEN  ONTO  TIC  ADDRESS  BUS  TO 
INSURE  A RISING  EDGE  (AFTER  INVERSION)  FOR  PROPER  OPERATION 
SINCE  THE  WRITING  OF  AN  ADDRESS  HAY  BE  PART  OF  A CRITICAL 


CfiCLFZ  XN  2.  CRCCOMP 

CHECK  nC  CARRY 

SECTION  OF  CODE.  INTERRUPTS  ARE  DISABLED  MO  LEFT  DISABLED  ON 

RAL 

LEFT  SHIFT  WITHOUT  COMPLEMENTING 

EXIT.  A 'NOP'  IS  LOADED  INTO  THE  ACC  ON  RETURN  TO  FACILITATE 

ICH  3 

DESELECTING  A DEVICE  IF  A WRITE  OPERATION  IS  BEING  PERFORMER 

LD  S 

THIS  IS  A LEVEL  7 SUBROUTINE 

RAL 

JIN  CRCX-DS 

ADDRESS  DIN 

CRITICAL  CODE  BEGINS  HERE 

CRCCOMP  RAL 

LEFT  SHIFT  COMPLEMENTING  GITS  4 AND  0 

WRR 

SAVE  A WORD 

ICH  3 

LDH  2 

LSN  OF  ADDRESS  BUS  IS  PORT  2 

CMC 

XCH  2 

LD  5 

SRC  3 

ML 

XCH  3 

LSN  IS  NON  IN  THE  ACC 

CMC 

WRR 

WRITE  LSN  OF  ADDRESS 

CRCLDS  ICH  5 

FINISH  BOTH  SHIFTS 

INC  2 

MSN  OF  ADDRESS  BUS  IS  PORT  3 

LD  4 

SRC  3 

RAL 

XCH  3 

REPLACE  TIC  LSN  OF  THE  ADDRESS 

ICH  4 

XCH  2 

LD  3 

READY  ACC  FOR  NEXT  SHIFT 

LO  2 

. LOAD  THE  MSN  OF  THE  ADDRESS 

* 

RAL 

CHECK  FOR  MODEM  ADDRESS 

i LOiYP  THRU  TIC  FOUR  BITS  OF  EACH  CHARACTER  AND  THRU  ALL  OF  THE 

STC 

i CHARACTERS  TO  BE  USED 

RAR 

» 

WRR 

ISZ  2.  CRCLP2 

SHIFT  THRU  ALL  OF  IR(3I 

LO  2 

LOAD  HSM  OF  ADDRESS  AGAIN 

INC  1 

WRR 

NOW  WRITE  IT  TO  THE  ADDRESS  BUS 

ISZ  7.  CRaOOP  i 

READ  TICU  ALL  OF  THE  CHARACTERS 

BBL  A 

FACILITATE  DESELECT  WHEN  WRITING 

1 

. THE  CARRY  AND  IR(5-4) 

NOW  CONTAIN  THE  REMAINDER  SAVE  THE 

THIS  SUBROUTINE  IS  USED  TO  READ  FROM  TIC  INTERFACE  CARD  OR 

. CARRY  IN  IR(3) 

FROM  DEVICES  CONNECTED  TO  IT.  TIC  DEVICE  WHOSE  ADDRESS  IS  IN 
IR(2-3I  IS  READ.  AND  THE  VALUE  RETURNED  IN  IR(2-3).  TIC  ENTRY 

TCC 

HOVE  TIC  CARRY  TO  THE  Aa 

POINT  iRDCNTLt  IS  USED  TO  READ  THE  CONTROL  REGISTER  OF  TIC 

ICH  3 

SAVE  IT  TEMPt]RARILY 

ACIA  THIS  IS  A LEVa  6 SUBROUTINE  IHICH  USES  IR(2-3).  TIC 

LD  4 

PAO:  CARRY  AND  MSB  OF  IR(4)  INTO  IRIS) 

FINAL  SRC  VALUE  IS  20. 

RAL 

LO  3 

RDCNTL:  FIN  2.  76 

READ  THE  ACIA  CCNTRa  REGISTER 

RAL 

CMRY  MO  MSB  PACKED  INTO  ACC  READ:  JHS  ADDRO 

WRITE  THE  ADDRESS  TO  PORTS  2 AND  3 

ICH  3 

ROR 

READ  THE  MSN  FROM  PORT  3 

LDM  8 i 

SET  MSB  OF  IRI4) 

FIN  2.  20 

0R4 

SRC  3 

ICH  4 

XCH  2 

STORE  THE  MSN 

SRC  1 

(NEXT  LOCATION  IS  THE  ACK/NM() 

ROR 

READ  TIC  LSN 

BBL  A 

CODE  FOR  AN  ACK 

EIN 

END  CRITICAL  SECTION  (BEGAN  IN  ADDRESS) 

, 

XCH  3 

. IN  ORDER  TO  DECREASE  THE  POSSIBILITY  THAT  OMIBAOE  WILL  BE 
. LOAICD  INTO  THE  MODEM  CONTROL  REGISTER  DURING  A RESET.  THE 

BBL  0 

PRiMR  VALUE  IS  WRITTEN  TO  THE  UUIPtJT  DATA  BUS  DURING  ALL  READS  ; THIS  IS  A PATCH  TO  THE  SUBROUTINE  AD023 
FOR  A WTRHAL  ORIGINATE  HOCEH  THIS  IS  A LEVEL  7 SUBROUTINE 
WHICH  USES  IR(2-3» 


PATCH 


ADORO 


aB 
«CH  2 
SRi;  3 
ICH  2 
LM  D 


SELECT  PORI  0 
DON'T  LOSE  IR(2) 

RESTORE  IR(2I 

PLACE  NORHAL  ORG  ON  LSN  OF  OUTPUT  BUS 


THIS  SUBRiXiTINE  IS  USED  TO  ADDRESS  THE  INTERFACE  CARD  OR 
DEVICES  CCMCCTED  TO  IT  THE  ADIRESS  TO  BE  WRITTEN  IS  PLACED 
IN  IRI2-3I  WHICH  IS  RETURNED  UNDISTURBED  THE  FINAL  SRC  POINTS 


LD  4 
ADD  2 
XCH  2 
JUN  PATCH! 

.*300 


THIS  SUBROUTINE  IS  THE  7-SEGHENT  LEO  DISPLAY  DRIVER  THE 
DISPLAYS  ARE  DESIGNED  TO  AaOW  QUICK  QCCKINC  M SERVICING  OF 
THE  ILS  COHHUNICATIONS  WITHOUT  THE  USE  OF  ANY  TEST  EQUIPNENT. 
THE  POSITION  OF  TIC  THUMBWHEEL  SWITCH  LOCATED  ON  TIC  FRONT 


E-11 


MJVAIUBLE  COPY 


PAICL  INDICATES  UHiCH  OlSnAV  IS  REQUESTED.  THE  DIFFERENT 

i THE  STATE  NUMBER  BY  1. 

TIC  TRANSITION  FROM  STATE  3 IS  TO 

DISFIAYS  AVAILAELE  ARE: 

i STATE  0 IF  TIC  LAST  LETTER  IS  BEING  DISPLAYED.  TO  STATE  2 

0 - DISFLAY  .TIC  COMMICATIONS  EQUIPICNT  STATUS  (ENGLISH) 

i OTICRUISE. 

I - LAMP  TEST.  LIGHT  AU  THE  SEGMENTS 

• 

2 • DISPLAY  THE  RECEIVED  DATA 

NORMAL: 

FIH  0.  0 

3 - VM.OC  Cf  DOH  1 (SIGN-flAGNITUSE) 

SRC  I i 

DISPLAY  POINTERS  ARE  IN  REGIS1ER  0 

4 - SET  ANALOG  ZERO  FOR  A/D  AND  D/A'S.  VALUE  DISPLAYED  IS 

ROO  i 

NSN  OP  nc  DISPLAY  POINTER 

THE  SIGN  AND  7 USE'S  AT  THE  FFH.  AND  THE  VALIC  EEING 

XCN  0 

LOADED  AT  TIC  LOC. 

RDl  i 

LSN  OF  TIC  DISPLAY  POINTER 

5 - THE  RELAY  OUTPUTS 

XCH  I 

6 - THE  SECOND  FRAIC  EEING  SENT 

RD3  i 

READ  THE  CURRENT  STATE  MMER 

7 - THE  THIRD  FRAME  EEING  SENT 

ac 

8 - THE  FOURTH  FRAME  BEING  SENT 

RAR  i 

EVEN  STATE  IMPLIES  BLAMC  DISPLAY 

9 - THE  FIFTH  FRAME  BEING  SENT 

JCN  2.  NOTBU  i 

JUrf>  IF  NOT  ELiWKED 

THIS  IS  A LEVa  5 SUEROUTINE  UHICH  USES  IR(0-5).  THE  VALUE  TO 

FIM  4.  FF  i 

BLANK  THE  DISPLAY  FOR  INTERLfTTER  GAP 

EC  DISPLAYED  IS  RETURNED  IN  IR(4-S). 

JCNC.  INCSTA  i 

STATE  0 IMPLIES  RESET  POINTER 

1 

FIH  0.  tMSGO  i 

RESET  POINTER  TO  'ALLS  FINE' 

* 

JUN  INCSTA 

i IWIRECT  ADDRESSES  FOR  THE  TEN  POSSIBLE  DISPLAYS. 

NOTBLK: 

JCN  C.  LETTER  i 

STATE  1 IS  DASH.  3 IS  A LETTER 

» 

FIN  4.  FB 

LOAD  A DASH  TO  SIGNAL  THE  START 

INORMAL 

NC<m  DISPLAY  OF  EWSLISH  MESSAGES 

INCSTA: 

RD3  i 

PREPARE  NEXT  STATE  NUMBER 

4RETRN3 

LAMP  TEST 

lAC 

tREACMCH 

RECEIVED  DATA 

JUN  NSTATE  i 

CHECK  CLOCK  TO  SEE  IF  TINE  FOR  NEXT 

tDDMl 

DISPLAY  DOM  1 VALUE  BEING  SENT 

LETTER. 

FIN  4 i 

LOAD  CHARACTER  INTO  1R(4-S>.  SET  ACC4 

4SETZERO 

ALLOU  SETTING  OF  ANALOG  ZEROES 

LDM  0 

tRELVALU 

RELAY  VALUES 

0R4  i 

IF  THE  DP  IS  LIT,  THIS  IS  THE  LAST  CHAR 

tDATAl 

FRPVC  2 

CMA  i 

ACC  NOU  ZERO  IF  DP  IS  DARK 

«nATA2 

FRAME  3 

JCN  C.  LOADO  i 

JUMP  IF  DP  LIT.  NEXT  STATE  IS  ZERO 

4DATA3 

FRAME  4 

LDM  2 i 

DP  UAS  DMIK.  NEXT  STATE  IS  TMO 

4DATA4 

FRAME  5 

ISZ  1.  NSTATE  i 

INCRENENT  TENTATIVE  POINTER 

, 

INC  0 

i FIRST  SET  THE  CARRY  BIT  IF  THIS  IS  THE  LXALIZER.  THEN  JUMP  TO 

SKP 

i THE  PROPER  DPiPLAY  PROCESSOR  DEPENDING  ON  THE  VALUE  OF  TIC 

LOADO. 

CLB  i 

TENTATIVE  NEXT  STATE  IS  ZERO 

. DCEiXiNCED  THUHBUHEEL  SUITCH 

NSTATE. 

XCH  2 i 

fi  r 

TEMPORMIILY  SAVE  NEXT  STATE 

i 

DISPLAY  aC 

IR(14)  UILL  BE  2 OR  3 IF  THIS  IS  THE 

U.t 

RD2  i 

COMPARE  DISPLAY  TIMER  AND  TIC  CLOCK 

LDM  C 

LOCALIZER.  SO  ADD  12  TO  IR(14)  TO  SET 

SUB  15 

ADD  14 

THE  CARRY  IF  NOT  THE  LOCALIZER  . 

JCN  C.  RETRN3  i 

IF  NOT  EQUAL.  NOT  TIME  FOR  ICXT  STATE 

LD  13 

LOAD  THE  VALUE  OF  THE  THUMEUHEa  SUITCH 

LD  0 i 

HOVE  TO  NEXT  STATE 

FIH  0.  0 

FORM  INDIRECT  ADDRESS 

URO  i 

HIGH  NIBBLE  OF  DISPLAY  POINTER 

ICH  1 

LD  1 

FIN  2 

LOAD  ADDRESS  TO  DISPLAY  PROCESS 

URl  i 

LOU  NIBBLE  OF  DISPLAY  POINTER 

FIM  0.  3C 

RECEIVED  DATA  POINTER 

LO  2 

FIH  4.  00 

LAMP  TEST 

UR3  i 

NEXT  STATE  NUMBER 

JIN  3 

JIMP  TO  IT 

RAR  i 

COMPUTE  DELAY  FROM  STATE  NUMBER 

» 

LBH  1 i 

(EVEN  STATE^l  TICK.  ODD  STATE-91 

. THE  NCRMAL  DISPLAY  CONSISTS  OF  CRIPTIC  ENGLISH  MESSAGES  UHICH 

RAR  i 

ACC=8  FOR  EVEN  STATE.  0 FOR  OOft  CY>I 

. DESCRIBE  THE  NICEST  PRIORI  TV  ERROR  CONDITION  (IF  ANY)  HAVING 

ADD  15  > 

ADD  IN  TIC  CURRENT  aOCK  VALUE 

i OCCURED  SINCE  THE  COMPLETION  OF  TIC  LAST  MESSAGE  IF  NO 

UR2 

SET  DISPLAY  TIMER 

. ERRCR  CCtlDITlONS  HAVE  OCCURED.  THE  MESSAGE  IS  '-GO.  '. 

RETRN3 

BEL  0 

. EACH  LETTER  IN  ThE  MESSACE  IS  DISPLAYED  FOR  APPROIIHATaY  ONE 

i 

i SECOND  letters  ARE  SEPARATED  BY  ELANI.ING  THE  DISPLAY  FOR  AN 

i DISPLAY  THE  VALUE  BEING  SENT  OR  RECEIVED  FOR  DON  1 

. EICNTH  of  a SECONt..  MESSAGES  ARE  SEPARATED  BY  ELAM'S  THE 

1 

. OrCLV^ANCE  OF  AN  ERROR  OF  HDSHER  PRIORITY  THAN  THE  ONE  BEING 

ODMI: 

CMC  i 

SET  IR(0)  TO  2 IF  FFH.  3 IF  LOC 

, DISPLAYED  UILL  CAUSE  THE  NEU  MESSAGE  TO  INTERRUPT  THE  OLD  (SEE 

LDM  I 

i THE  SUEROt.iTINE  (ERROR*  1 TH(S  StJBROUTINE  HAS  FOUR  POSSIBLE 

RAL 

, STATES  0 - ELANP  DISPLAY,  RESET  POINTER  TO  '-GO  I - 

FIH  0.  4 i 

SET  IR(1)  TO  4 

. DISPLAY  A DASH.  2 - ELAr»'  THE  DISPLAY  BETUEEN  CHMIACTERS.  AND 

XCH  0 i 

NOU  HAVE  TIC  ADDRESS  OF  THE  SION 

i 3 - DISPLAY  A LETTER 

THE  TRMSITluNS  BETUEEN  STATES  OCCUR 

JMS  REAOMEM 

READ  IT 

i AT  TIC  END  A PRECCTERMINEO  INTERVAL.  NORMALLY  BY  INCREASING 

LD  4 i 

PUT  THE  SIGN  INTO  THE  CARRY 

I 


RAL 

RAL 

INC  1 

i IR(O-I)  NOW  POINTS  TO  THE  HAONITUDE 

jnSREAOHEH 

i READ  TtC  HAONITUDE 

CNC 

RAR 

i ACC  s 8 IF  SIGN  WAS  POSITIVE 

ADD  4 

. COnaEHENT  NSB  OF  IR(4)  IF  POSITIVE 

XCH  4 

i DONE.  NOW  DISPLAY  IT 

B8L  0 

ALLOW  nc  SETTING  OF  THE  ANALOG  ZERO  AT  THE  FAR-FiaO 
NONITOR.  DISPLAY  THE  ZERO  VM.UE  EEING  READ  SO  THAT  THE  ZERO 
HAY  EE  ADJUSTED.  AT  M LOCALIZER.  ALTER^WTaY  aACE  auS 
AND  niNUS  RU  SCALE  ON  THE  D/A'S  TO  AUOU  SETTING  OF  THEIR 
GAIN 


best  AVAlUtBEE 


; DISPLAY  THE  FOURTH  FRAHE  TO  BE  SENT 

DATA3:  LOH  6 
SKP 

i DISaAY  THE  FIFTH  FRAHE  TO  BE  SENT 

IMTA4:  LDH8 

FIH  0.  20 
XCH  1 

i THIS  SUBROUTINE  READS  THE  TWO  CONSECUTIVE  LOCATIONS  IN  DATA 
i RAH  POINTED  TO  BY  IRIO-I)  AND  LEAVES  THE  RESULT  IN  IR(f'S). 
i THIS  IS  A LEVa  7 SUBROUTINE 


SETZERO: JCN  A.  SETDAC 

JUHP  IF  THIS  IS  THE  LOCALIZER 

READHEHSRC  1 

i POINT  TO  FIRST  LOCATION 

FIHO.  1C 

READ  THE  LAST  REFERENCE  VALUE 

RDH 

i READ  THE  FIRST  NIBBLE 

jnS  REAMCn 

READ  TtC  MAGNITUDE  OF  THE  REFERENCE 

XCH  4 

i STORE  IT  IN  IR(4> 

INC  1 

NEXT  NlBaE  IS  THE  SIGN  BIT 

INC  1 

i HOVE  POINTER 

SRC  1 

SRC  1 

RDH 

TIC  SIGN  BIT  IS  THE  LSB 

RDH 

i READ  THE  SECOND  CHARACTER  FROH  RAH 

RAR 

RIGHT  SHIFT  THE  RESULT 

XCH  S 

i SAVE  IT  IN  1R(SI 

LO  5 

RIINT  SHIFT  THE  SIGN  INTO  THE  HSN 

sa  0 

IMR 

i 

XCH  4 

SAVE  THE  tISN.  LOAD  THE  LSN 

i SEVEN-SEGHENT  OlSaAY  ENGLISH  MESSAGE  TEXTS 

RAR 

RIGHT  SHIFT  THE  LSN 

i 

XCH  5 

SAVE  THE  RESULTING  LSN 

nSGO: 

•60 

i GO 

Ba  0 

VALIC  OISaAYEO  IS  2'S  COHaEHENT 

•98 

SETDAC  SRC  1 

AUOW  SEniNG  OF  DAC  POTENT  I OHETERS 

nSGl: 

•GO 

i DON  3 

RD3 

READ  THE  2 SECOND  COUNTER/CLOCK 

•BO 

RAL 

aT  THE  HiB  INTO  THE  CARRY 

•6S 

JCN  A,  STDACl 

IF  0-14  SECONDS,  LEAVE  IR(4-5)=00 

•SO 

Fin  4.  FF 

IF  16*30  SECONDS.  SET  1R(4-5)=FF 

nSG2; 

•BO 

, DW  2 

STDACl:  FIH  2.  C7 

ADIYCSS  OF  DAC  1 

•BO 

.JNS  WRITE 

WRITE  DATA  TO  OUT^T  BUS,  THEN  ADDRESS 

•6S 

JNS  LOADDAC 

WRITE  THE  SAME  TO  DAC  2 

•11 

LOADDAC  INC  2 

WRITE  IT  AGAIN  TO  DAC  3 

HSC3: 

•BO 

i DOH  1 

vUN  WRITE 

•60 

i 

•65 

t DISaAY  THE  VALUES  BEING  WRITTEN  TO  THE  RELAYS 

•06 

i 

HSG4: 

•22 

i ADC. 

RaVALUFINO.  32 

READ  THE  LOCALIZER  RELAYS 

•60 

JNS  READHEN 

•00 

LD  4 

ADD  THE  LSB  OF  THIS  NlSaE  TO  THE  CYaE  HSGS: 

•B8 

i OVER 

RAR 

•E3 

RDO 

•29 

RAL 

•96 

XCH  4 

PUr  THE  CYCLE  INTO  THE  HSN 

NSG6; 

•68 

i STOP 

Ba  0 

•AB 

i 

•68 

i OISaAY  the  SECtf®  Fim  TO  BE  SENT 

•03 

i 

nSG7 

•2D 

i CRC 

OATAI  LDN  2 

•BB 

SKP 

•00 

i 

HSG8 

•23 

i PARITY 

t DISaAY  THE  THIRD  FRAHE  TO  EE  SENT 

•22 

• 

•66 

OATtt  LDH  4 

•EF 

SW 

•AB 

E-13 


BESLAVAIUBLECCe 


132 

LD  3 i WRITE  THE  LSN 

MSGS: 

IBB 

i RESET 

WRM 

#29 

BEL  0 

•29 

THIS  SUERiXiTlNE  COMFlEMENTS  1R<4-SI.  IT  IS  A IIVEL  7 ROUTIIC. 

186 

M5GB 

•EF 

i ID 

CMA54:  LD  S 

r>o 

CHA 

MSGC 

IBA 

i NO  DATA 

tCH  5 

•B3 

LD  4 

IFF 

cm 

IB<) 

XCH  4 

•22 

BBL  0 

lAB 

•02 

SUBROUTirC  FOR  READING  PRC«RM1  MEMORY  TO  PERFORM  A CHECKSUl 

MSGD 

lAB 

. TONE 

•ES 

PR0M:3  FIN  4 i READ  PROGRAM  MEMORY 

•BA 

JUN  ADD23  i ADO  IT  TO  THE  CHECKSUM 

•Oo 

MSGE 

•65 

i MODEM 

=400 

•BS 

m 

INDIRECT  FOINTERS  TO  THE  MESSAGE  TEXTS 

•29 

•4S 

IMSGO 

MSGF 

•23 

i PROM 

tMSGl 

•BB 

*MS62 

•BS 

$M£G3 

•45 

»n:SG4 

i 

4MS05 

1 THI 

S SJJDFttiTI 

•IE  PEAK  A FRA11E  FROM  THE  ACIA,  AND  STCiRES  IT 

$MSGt 

i BOTH  IN  IP(2-S) 

fillD  LC":ATIOIfS  3£-};F  IN  DATA  RtOM.  THE 

»MSG7 

Si.lFfWTIHE  FEA[i  WAi  riOT  USED  TO  (tVOIH  OVERFLW  WHILE 
fWEFSINO  m IMIEf:Sl.fT  THIS  IS  A LEVEL  h SUEMiUTlNE  WHICH 
USES  IR(2-S) 


$HS68 

«1SC9 

MOP 

thSGB 


i CHECKSUn  FOR  AU  FIVE  PROHS 


RPFRAME  FIM  2. 

74 

. ADDRt:SS  lOF  THE  ACIA  S RECEIVER  BUFFER 

•MSGC 

..ffS  APDRO 

i SELECT  THE  ACIA  RECEIVER  E<.!FF£R 

•HSGO 

RD? 

, SET  THE  FECEl'.ER  TIMER  FOR  SECONDS 

•MSGE 

DAC 

•MSGF 

HR2 

RDR 

, READ  THE  MSN  OF  THE  ACIA  BUFFER 

THIS  SUBROUTINE 

IS  USED  TO  SET  THE  ERROR  REGISTER.  IR(12). 

CMA 

. CCmriEMtNT  TO  NEC-ATE  NEC^ATIVE  LOGIC 

FOR  SENDING  TO  THE  REMOTE  CONTROL.  AND  TO  STMIT  A »CU  DISPIAY. 

XCH  2 

i SAVE  IT 

THE  ERROR  NUMBER  IS  PASSED  THRU  THE  ACC.  THIS  IS  A LEVEL  7 

FIM  4. 

:e 

. SELECT  If^T  PORT  2 

SUtRClUTINE  WHICH  USES  IR(0-1I. 

SPC  5 

RDR 

: READ  AND  SAVE  THE  MSN  OF  THE  BUFFER  ERROR  XCH  I 

. LOAD  IR(0-1I  WITH  (0. ERROR  NUMBOi) 

CHA 

CLB 

XCH  3 

XCH  0 

i IRIO-1)  NGU  POINTS  TO  INDIRECT  ADDRESS 

IfC  4 

. MOVE  THE  POINTER  TO  3£ 

LD  12 

i COMPARE  ICW  ERROR  • UITH  OLD  IN  IR(12) 

THIS  SJJE-ftWTirf  WRITES  I»£  COHIENIS  i.iF  IP(2-?I  INTO  THE 
Cij»6ECliTnE  LiXATIC'rt  IN  I'ATA  PAM  POINTED  TO  EV  IR(4-5).  THIS 
IS  A LEOR  ^ SJ.'r'C.flrf  lAm  H IMES  INC'-S)  ALL  ThE  PEOISIERS 


SUB  1 
XN  2. 
LD  I 
XCH  12 


. NEW  ERROR  NUMBER 

ERRCRl  j A BORROW  IlfllES  NEW  • IS  HIOCR 
. LOAD  NEW  ERROR  NUMBER  INTO  IR(t2) 


. ARE  LEFT  UNDI 

STHRiED  EXCEPT  lRi5)  WHICH  IS  1NCF.ETENTE0 

ERRORl  SRC  1 

. DISPLAY  POINTERS  ARE  IN  RAH  REGISTER  0 

, 

FIN  0 

i FETCH  MESSAGE  TEXT  ADDRESS 

WRITMEH  SRC  5 

. SELECT  FIRST  NIBBLE  IN  DATA  RAH 

RDl 

i COMPARE  IT  UITH  TIC  CURRENT  ONE 

ID  2 

, WRITE  THE  MSN 

ac 

BY  SUBTRACTING  TIC  ICU  FROM  THE  OU) 

WF-H 

SUB  1 

INC  5 

. IM.REffNT  IR(4-5) 

CMC 

SRC  5 

RDO 

£-14 


BEST  AVAILABLE  COPY 


SUB  0 

XN  2.  RETRMK 
LD  I 


Wl 
LO  0 
WO 
LiM  e 
AOO  15 
UR2 
LOn  I 
UR3 

RETIMMr  BEL  D 


BOBBOU  IMPLIES  NEU  NAS  HIGHER  PRIORITY 
LOAD  THE  NEU  DISPLAY  POINTER 
LSN  OF  TIC  DISPLAY  POINTER 

ItSH  OF  THE  DISPLAY  POINTER 
LOAD  TirCR  UITH  OC  SECOND 


LOAD  THE  STATE  (DISPLAY  DASH) 
LOAD  ACC  UITH  THE  CODE  FOR  A NAK 


ISZ  6,  RETADC 
JRS  ADCERR 
INCRADC: INC  7 
RETADC:  BBL  0 


INCREMENT  TIMER 
TIICINIUT.  SICWAL  ADC  ERROR 
GO  TO  NEXT  STATE 


READ  THE  RESULT  OF  TIC  CONVERSION.  CONVERT  IT  TO  TUO'S 
COMPLEMENT.  AND  STORE  IT  IN  DATA  RAH  UHEN  READ.  THE  VALUE 
OF  THE  CONVERSION  IS  REPRESENTED  IN  SIGN-MAGNITUDE  FORMAT  AS 
FOaOUS:  1 = ♦.  0 a IMGNITUDE  BITS  COMPLETENTEDl  THIS  IS 
A LEVEL  5 SUBROUTINE 


THIS  SUBROUTINE  CONTRaS  THE  OPERATION  OF  THE  A/D  CONVERTER. 
READS  TIC  CONVERTER  OUTPUT.  AND  PREPWJES  IT  FOR  TRANSMISSION 
THERE  ARE  3 DDM  SIGNALS  UHICH  ARE  READ  AND  A REFERENCE  VM.UE 
UHICH  INDICATES  THE  CONVERTED  VALUE  OF  ZERO  VOLTS.  THIS 
REFERENCE  IS  SUBTRACTED  FROM  THE  DOM  VALUES  TO  MAKE  THE 
READINGS  LESS  SENSITIVE  TO  THE  DRIFT  OF  THE  A/D  CONVERTER.  THE 
A/D  FLAGS  HELD  IN  IR(3)  UHEN  THIS  SUBROUTINE  IS  CALLED  WVE  THE 
FOLLOUING  MEANING: 

BIT  1 = 0 

BIT  2 a 0 IF  RESar  IS  NEGATIVE.  1 IF  POSITIVE 
BIT  4 a 0 IF  OVERFLOU  OCCURED  DURIW  CONVERSION 
BIT  8 (MSB)  a 1 IF  THE  CONVERSION  IS  COMPLETE  (EOC) 


REAOADC:XCH  6 

FIM  2.  U 
JHS  READOl 
LD  & 

RAL 
XCH  6 


i SAVE  THE  OVERFLOU  AND  SIGN  IN  IR(6) 
i READ  THE  MGNITUOE  BITS 
i READ  FROM  PORTS  0-1  INTO  IR(2-3) 
i PUT  THE  OVERFLOU  FLAG  IN  THE  CARRY 

i SAVE  THE  SIGN  IN  IR(6)  AGAIN 


SUBJMP:  LD  3 
RAL 
JIN  1 


LOAD  THE  FLAG  NIBBLE 

LEAVE  THE  EOC  FLAG  IN  THE  CARRY 

JUMP  TO  THE  PROPER  SERVICE  ROUTINE 


JCN  2.  ADCOK  i JUMP  IF  NO  OVERFLOU 

THE  FOLLOUING  5 STATEMENTS  UERE  REMOVED  FROM  THE  PROGRM 
TO  DELETE  THE  DDMl.  DDH2.  AND  DDRS  MESSAGES  UHICH  OCCURED 
ON  OVERFLIGHTS  MID  UERE  FILLING  THE  'LOG'  AT  THE  CONTROL 
TONER.  THE  STATEMENTS  UERE  REPLACED  BY  NOP'S 


SELECT  AN  ANALOG  INPUT  USING  THE  ANM.OG  SWITCH  ON  THE  ADC 
CARO.  THEN  SIGNAL  THE  ADC  TO  START  CONVERSION  THE  PATTERN 
URITTEN  TO  THE  ANALOG  SUITCH  CORRESPONDS  TO  A ZERO  BEING 
SHIFTED  RIGHT  TO  LEFT  THRU  A FIELD  OF  ONES,  IN  OTHER  WORDS 
STATE  0 UILL  WRITE  '1110'.  STATE  4 WILL  WRITE  '1101'.  STATE  8 
WILL  WRITE  'lOir.  AND  STATE  C HILL  WRITE  '0111'.  1R(7)  HOLDS 

TIC  CURRENT  STATE  NUMBER.  IR(4)  IS  USED  TO  TIME  THE  AMOUNT  OF 
TIME  USED  IN  CONVERSION  THIS  IS  A LEVEL  5 SUBROUIINE. 


LD  7 
CMA 

m 

RAR 

JMS  ERROR 
NOP 
NOP 
NOP 
NOP 
NOP 
NOP 

FIM  2.  FO 


COMPUTE  THE  ERROR  NUMBER  (UHICH  DOM) 


iDDH|a3,  00n2>2.  D(IH3«1 


PUT  ALMOST  FULL  SCALE  IN  IR(2-3) 


AT  THIS  POINT.  THE  SIGN  IS  IN  THE  MSB  OF  IR(6).  (!«♦.  O"-). 


STARTAD  LD  7 

i LOAD  THE  STATE  NUMBER  (0.4. 8.0 

i COMPLEHENTEO  LSN  IS  IN  IR(2)  NON  COMPUTE  THE  NQRMM.  2'S 

RAR 

i THE  CARRY  (EOC)  IS  ASs'UMED  EQUAL  TO  I 

i COMPLEMENT  FORM  FROM  THIS  SIGN-MONITUDE  DATA  AND  SAVE  IN 

XCH  5 

i IRIS)  NOW  EQUALS  (8, 10. 12. 14) 

i DATA  RAM  REGISTER  1. 

LOMF 

i CARRY  IS  NOW  EQUAL  TO  ZERO 

f 

STARTO  RAR 

i ROTATE  ACC-CY  UNTIL  0 IS  PLACED  RIGHT 

AOCOK: 

LD  6 

i RESTORE  THE  ACC  (CONTAINS  SIGN  BIT) 

INC  5 

i INCREMENT  IRIS)  BY  TUO 

RAL 

i MOVE  THE  SIGN  INTO  THE  CARRY 

ISZ  5,  STARTO 

CMC 

i CARRY  NON  HOLDS  CORRECT  SIGN  (0  ■ *> 

XCH  5 

i STORE  FOR  USE  BY  THE  URITE  SUBROUTINE 

JCN  A.  PLUS 

j JUMP  IF  A POSITIVE  NUMBER 

FIM  2.  D7 

i ADDRESS  OF  ANALOG  SNITCH 

ISZ  2,  STORE 

i INCREICNT  1R(2-3I.CY 

JMS  WRITE 

i URITE  (.•SING  THE  INTERFACE  CARO 

ISZ  3,  STORE 

XCH  6 

i LOAD  THE  CON’/ERSION  TIMER 

CMC 

INC  7 

. SET  NEXT  STATE 

JUN  STORE 

i NOU  STORE  THE  RESULT 

.JUN  LiMDDAC 

. START  THE  CONVERSION 

PLUS: 

LO  3 

i COMPLEMENT  lR(2-3) 

1 

i UAIT  FOR  THE  ANALOO-TO-DIGITAL  CONVERTER  TO  FINISH  CONVERSION 

UW 

XCH  3 

i FINISHED  UITH  THE  MSN 

i IF  THE  END  OF  CONVER-SICN  SIGNAL  IS  NOT  RECEIVED  IN  A 

LD  2 

i NON  COMPLEICNT  THE  LSN 

. REASONABLE  ANTaMT  OF  TIME  (STORED  IN  IR(6I>,  SIGMW.  AN  ADC 

CMA 

i ERROR  AND  ATVANCE  TO  THE  NEXT  STATE  MIYHAY  THIS  IS  A LEVEL 

XCH  2 

i 6 S'.WIOUTI'C 

STORE: 

FIM  4.  14 

i POINTER  TO  TIC  SIGN  NIBBLE  IN  DATA  RAM 

f 

SRC  5 

NAITAOC  JCN  2.  INIRADC 

INCREMENT  THE  CURRENT  STATE  IF  DONE 

ROM 

) READ  IT 
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MSI  WAlUfilt  COPY 


RAL 

SHIFT  IN  THE  LATEST  SIGN 

LDN  A 

i LEGAL  VALUE  FOR  CYCLE  COMAMI 

URM 

STORE  IT 

SUB  3 

XCH  6 

SAVE  IT  FOR  POSSIBLE  USE  LATER 

JCN  4,  LEGALC 

i JUMP  IF  IT  IS  A LEGAL  VALUE 

LD  7 

COMPUTE  THE  MAGNITUDE  DESTINATION 

ac 

i COMPARE  IT  UITH  'NO  CYCLE' 

ac 

DOM  I = 14-17.  DDH  2 = 18-19. 

LOM  S 

i LEGAL  VALUE  FOR  NO  CYCLE  CQMNAM) 

RAR 

DOM  3 = lA-lBr  ZERO  = IC-10 

SUB  3 

ADD  5 

JCN  4,  LECM. 

XCH  5 

DATAERR  LDM  7 

i ERROR  CODE  FOR  DATA  ERROR 

JNS  URITNEN 

STORE  IR(2-3)  IN  DATA  RAM 

JUN  RCVERR 

i PROCESS  IT  AND  RETURN 

ISZ  7.  RETADC 

IF  THIS  IS  NOT  THE  ZERO  REFERENCE. 

JUMP  i 

Ml  3 DM  SIGNALS  AND  THE  ZERO  REFERENCE  HAVE  DEEN  READ  AND 
STORED  IN  DATA  RMI  NOU  SUBTRACT  EACH  OF  THE  DDH  SiGNM.S  FfiCM 
TIC  ZERO  REFERENCE  VALUE.  CONVERT  THEN  BACK  TO  SION-HACNITUDE. 
AND  LOAD  THEN  INTO  DATA  REGISTER  2 TO  BE  SENT. 


i A LEGAL  VALUE  HAS  BEEN  RECEIVED  IN  A LEGAL  BLOCK  OF  DATA.  NON 
i DEBOUNCE  IT  AND  URITE  TIC  OEBOUNCCD  VALUE  TO  TIC  CYCLE  RELAY, 
i TO  BE  IiEBuUNCED.  THE  CYCLE  CONHMD  NUST  APPEAR  TNICE  IN  A RON 

LEGALC  JNS  NEUDATA  i FORCE  SEMIING  OF  A ICU  BLOCK 


INC  5 
SRC  S 
LD  B 
HRH 
OR4 
YCH  7 
LO  10 
RAR 
RAR 

JCN  A.  CHECKO 
FIN  0.  16 
.ns  SUBO 
FIN  0.  18 
JNS  SUBO 
FIN  0.  lA 
JNS  SUBO 
FIN  0,  24 
SRC  I 
RON 
YCH  7 
WH 
ttC 
SUB  7 

XN  4,  CHECKO 
jnS  NEUDATA 
accKO  aB 
YCH  7 
LDN  I 
AN6 
ADD  3 

JCN  4,  RETAOC 
AOCERR  LDN  4 

JIM  ERROR 


i SAVE  REFERENCE  SIGN  IN  LOCATION  IE 


SET  UHAT  WILL  BECONE  NSB  OF  SIGNS 
LOAD  THE  DON  SIGNS  INTO  IR(7) 

NOU  CHEa'  FOR  OK  TO  UPDATE  DATA  REG  2 


, JUNP  IF  NOT  MJIIGHT 
i POINTER  TO  DON  1 

i SUBTRACT  FRON  ZERO.  CONVERT.  AND  STORE 
i :^INTER  TO  ODN  2 

i POINTER  TO  DON  3 

. NOU  STORE  THE  SIGN  NIBBLE  TO  EE  SENT 

i SUAP  THE  OLD  AND  NEU  VALUES 

i NOU  URITE  THE  NEU  VM.UE 
. CONPARE  THE  OLD  AND  THE  NEU 

j Mf>  IF  THEY  ARE  THE  SAME 
i SET  THE  NEU  DATA  PRESENT  FLAG 
i RESET  THE  ADC  STATE  REGISTER.  IR(7) 

i NASK  OFF  THE  SIGN  BIT  OF  IRI6) 
i HE  RECI.URE  THE  4 NACMITUOE  HSB'S  OF  THE 
. REFERENCE  VALUE  TO  BE  ZERO. . . 
i RETURN  IF  ZERO  IS  aOSE  ENCLIGH 


LEGAL  LON  3 
XCH  2 
SRC  3 
RDD 
XCH  5 
LD  3 
URO 
CLC 
SUB  5 

XNC.  RETCl 
FIN  2.  9F 


LAST  CYCLE  SANPLE  IS  IN  REGISTER  3 


SUAP  THE  TUO  HOST  RECENT  SAffUS 


NOU  CONPMC  THEN 

IF  NOT  EQUAL.  FORCE  COICIRniNC  BLOCK 
RELAY  ADDRESS 


THIS  SUEROUTINE  IS  USED  TO  URITE  TO  DEVICES  ON  OR  COMECTED 
TO  THE  INTERFACE  CARD  THE  CONTENTS  OF  IR(4-S)  ARE  URITTEN  TO 
THE  DEVICE  UllOSE  ADDRESS  IS  IN  lRI2-3>.  TIC  CONTENTS  OF  TICSE 
REGISTERS  ARE  NOT  CIUNGED.  THIS  IS  A LEVEL  6 SUGROUTIK.  TIC 
FINAL  SRC  VALUE  IS  3-IR(2l. 


URITE:  LmO 
XCH  4 
SRC  5 
XCH  5 
DIN 
URR 
INC:  4 
SRC  5 
XCH  5 
XCH  4 
LD  4 

JNS  ADDRESS 

URR 

EIN 

RETCYC:  BEL  A 
RETCl:  JUN  NEUDATA 


PORT  0 GETS  TIC  LSN  OF  DATA 


LSN  OF  DATA  IS  NOU  IN  TIC  ACC 
CRITICM.  SECTION  OF  CODE  BEGINS  ICRE 


i NSN  OF  DATA  GOES  TO  PORT  1 
i PUT  THE  LSN  BACK  IN  IRISI.  NSN  IN  IR(4I 

i URITE  THE  NSN  (DONE  BY  ADDRESS) 
j URITE  THE  ADDRESS  TO  PORTS  2 AND  3 
i DESELECT  DEVICE  BY  URITING  A 'NOP' 
i END  CRITICAL  SECTION  OF  CODE 
; TINER  VALUE  FOR  A-TO-0  COMCRTER 
i FORCE  NEU  BLOCK  BY  SENDING  ONE 


THIS  SUBROUTINE  IS  USED  TO  CHECK  THE  CYCLE  COMMAND  NIBBLE  FOR 
VMID  [ATA  IF  THE  NIBELE  CONTAINS  A VALID  VALUE  AND  THE 
IGNORE  DATA  FLAG  13  OFF.  TIC  VALlt  IS  DEEOUMCED  AND  TICN 
URITTEN  TO  TIC  CYCU  RELAY  THIS  IS  A LEVEL  6 SUBROUTINE  UHICH 
USES  IR((I-5) 

YCLE  LD  10  , CHECK  THE  1GN0F:E  DATA  FLAG 

RAL  i SHIFT  IT  INTO  THE  CARRY  BIT 

JCN  2.  RETCYC  i SKIP  THE  REST  IF  IT  IS  ON 
aC  . COMPARE  THE  CYCLE  UITH  'CVaE 


THIS  SUBROUTINE  IS  USED  TO  READ  FROM  THE  ADC  BOARD.  USING 
THE  ADDRESSING  FEATURES  OF  THE  INTERFACE  CMIO  IT  IS  A 
DIFFERENT  ROUTINE  BECAUSE  THE  INPUT  IS  TO  BE  READ  FRON  IR((7-1) 
INSTEAD  OF  lR(2-3).  BECAUSE  THE  NOCCN  ADDRESS  IS  NOT  USED 
UITH  THIS  SUtROUTINE.  THERE  IS  NO  NEED  TO  URITE  TO  THE  OUTPUT 
DATA  BUS  BEFORE  SETTING  THE  ADDRESS  THIS  SUBROUTINE  EXPECTS 
THE  ADDRESS  TO  BE  READ  IN  IR(2-3).  AND  RETURNS  TIC  VALUE  READ 
IN  1R(3)  (MSN]  MID  IR(2)  CLSNI  THIS  IS  A LEVEL  6 SU6R0UTIIC 


READOl  JNS  AODRO 


SET  TIC  ADDRESS  BUS 


FIN  2,  0 
SRC  3 

i POINTER  TO  HfUT  PORT  FOR  LSN 

Rm 

i READ  T)C  LSN 

INC  2 

SRC  3 

i POINTER  TO  INPUT  PORT  FOR  NSN 

ICN  2 

i SAVE  THE  LSN 

ROR 

i READ  THE  NSN 

EIN 

; END  OF  CRITICM.  SECTION 

XCH  3 

i SAVE  THE  NSN 

BSL  0 

t 

i aEAR  T»C  IGNORE  FRflNE  BIT  FROM  THE  FLAGS  IN  IR(IO). 

f 

CUtIGNR  LDN  7 

( 

i TTC  FOLOUING  subroutine  IS  USED  TO  aEAR  BITS  IN  IR(  10)  A 
i HASIf  OF  THE  BITS  TO  Ef  LEFT  LWISTURBED  IS  PASSED  THRO  THE  ACC 
; HO  REGISTERS  ARE  DISTURKD  THIS  IS  A LEVEL  7 SUBROUTINE. 

ORFLG  DIN 

i CRITICAL  SECTION  OF  CODE  SINCE  IRIIO) 

ICH  A 

XCH  10 

j IS  BEING  NODIFIED 

ANA 

. BITS  ARE  NOW  CLEARED.  REPLACE  IR(IO) 

XCH  to 

XCH  4 

. RESTORE  1R<4) 

EIN 

i END  CRITICAL  SECTION 

B6L  0 

i THIS  SUBROUTINE 

WRITES  THE  aWTENTS  OF  IR(3-4)  TO  THE  ACIA 

i CONTROL  REGISTER. 

THIS  IS  A LEVEL  4 ROIJTINE  WHICH  USES  IR(2-5) 

RCVOHir  FIN  4,  41 

i RECEIVER  INTERRUPTS  ONLY 

ACIA:  FIN  2.  77 

i ADCRESS  OF  THE  ACIA 

JUN  NRITE 

. WRITE  IT 

i 

i THIS  SUEiROl.lTINE 

IS  USED  BY  THE  CHECLSUH  PROCEDURE  TO  ADO  THE 

i CONTENTS  OF  IR(4-5)  TO  THE  ClffiENT  VALUE  OF  THE  CHECNSUH  IN 
i IR(2-3)  IT  IS  A LEVEL  7 SUIROUTUE, 

A0D23  aC 

i ADD  THE  LSN'S,  IR(3)  i>  IRIS) 

LO  5 

ADD  3 

XCH  ?■ 

. PLACE  THE  RESLIT  IN  IR(3) 

JLH  PATCH 

i ADD  THE  NSN'S.  IR(2I  (■  1R(4) 

i THE  FOLLOUINC  tFIN»  INSTRIXTICN  HAS  NO  DIRECT  BEARING  ON  THE 

i SI.IEROI.ITINE  ado:-?. 

IT  IS  USED  BY  THE  CHE(>;SUH  ROUTINE  IN  A 

i BACTHARDS  WAY  TO  PERFiORN  THE  CHEC).SI.41  ON  PRON  4 

PATCHl  FIN  4 

, FETCH  FRiTN  PROCAAN  MENCRY 

BBL  D 

. RETURN  HAS):  FOR  FINDING  DECIHAL  POINT 

BEST  AVAIUBIE  COPY 


END 
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APPENDIX  F 


Hom  to  Identify  and  Insert  PROM's  In  4040  Units 

The  microprocessor  cards  In  the  field  units  have  five  programmable 
read  only  memories  which  hold  the  program  for  the  microprocessor.  These 
PROM's  are  Intel  type  C1702A.  Each  of  these  units  Is  labeled  with  a letter 

1 

and  a number  penciled  on  the  vh I te  ceramic  substrate.  These  letters  and 
numbers  are  used  to  Identify  the  Individual  PROM's  and  their  contents. 

There  Is  a single  program  which  works  In  all  of  the  field  units. 

This  program  Is  divided  Into  five  parts,  each  part  Is  held  In  a single 
PROM,  on  each  of  the  microprocessor  cards.  The  PROM's  containing  the 
first  fifth  of  the  program  have  a number  0 on  them.  Likewise,  the  PROM's 
containing  the  second  fifth  of  the  program  have  a number  I on  them  and  so 
on  through  the  last  fifth  of  the  program  which  always  contains  the  number  4 
on  top  of  the  PROM.  The  letters  are  used  to  distinguish  one  PROM  from 
another,  but  they  have  no  relationship  to  what  Is  contained  on  the  PROM. 

Hence,  one  microprocessor  card  ml^ht  contain  PROM's  AO,  Al , A2,  A3,  and  A4. 

Another  card  might  have  PROM's  EO,  El,  F2,  H3,  and  04.  Both  cards  will 
work  properly  and  contain  the  proper  program  assuming  the  proper  PROM  number 
Is  Inserted  In  the  proper  socket. 

If  one  holds  the  microprocessor  card  component  side  up,  with  the  gold- 
plated  fingers  on  the  left  and  the  nylon  card  ejector  In  the  upper  righthand 
corner,  the  five  PROM  sockets  are  In  the  lower  edge  of  the  card.  The  five 
PROM's  should  be  placed  In  the  sockets  from  left  to  right  PROM  0,  PROM  1, 

PROM  2,  PROM  3f  and  PROM  4.  Pin  1 of  the  PROM's  which  Is  marked  by  a dot 
or  a bump  In  the  corner.  Pin  1 should  always  be  placed  In  the  upper 
lefthand  corner  of  the  socket.  Be  sure  that  all  24  pins  fit  Into  the  sockets 
and  are  not  bent  out  of  the  way. 
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The  PROM's  have  been  Inserted  correctly  Into  the  microprocessor  card 
If  when  plugged  Into  the  field  unit  and  turned  on  the  message  RESET  appears 
or  In  fact  any  message  except  PROM.  If  no  messages  appear  or  If  the  PROM 
message  appears,  check  to  be  sure  that  all  the  PROM's  are  correctly  Inserted 
Into  their  sockets  and  that  the  0,  1,  2,  3,  and  M PROM's  have  been  inserted 

t from  left  to  right  on  the  bottom  of  the  card.  The  PROM  error  message  on  the 

I seven-segment  display  Indicates  that  either  one  of  the  PROM's  Is  defective 

[ 

; or  that  an  Incorrect  PROM  has  been  Inserted  In  one  of  the  sockets.  See 

f 

\’  Appendix  L for  further  Information. 

r : 
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PIN(S) 
1 & 2 

i S,  k 

5 & 6 

7 & 8 

9 & 10 
II 


12 

13 

lit 


APPENDIX  G 
LOCALIZER  D/A  BOARD 
BOARD  EDGE  CONNECTOR  PIN  ASSIGNMENTS 

ASSIGNMENT 


5 volt  supply  (VCC) . A conservative  estimate  of  maximum  current 
draw  is  165  ma. 

Ground.  Reference  for  all  power  supplies  (+15,  +5,  "10)  as  well 
as  DOM  signals. 

-10  volt  supply.  A conservative  estimate  of  maximum  current  draw 
is  5 ma. 

+i5  volt  supply.  A conservative  estimate  of  maximum  current  draw 
is  10  ma. 

Not  used. 


D/A  1.  A negative  going  TTL  pulse,  of  duration  not  less  than  5ys., 
will  load  the  "DAC  register"  of  the  digital-to-analog  converter 
servicing  DDM1 . Thus,  immediately  after  the  leading  (falling)  edge 
of  this  pulse,  the  DDMi  analog  output  voltage  (pin  31)  will  likely 
change  to  a new  vaiue.  Loading  of  this  input:  Sink  1.6  ma,  and 
source  kO  ya. 

D/A  2.  See  comments  for  pin  i1. 

D/A  3.  See  comments  for  pin  li. 

Relay  register  strobe.  A negative  going  TTL  pulse,  of  duration  not 
less  than  15  ns.,  will  load  the  relay  register  with  the  five  low- 
order  bits  of  the  data  bus.  If  data  bus  leads  are  labeled  DB2  (LSB) 
through  DB9  (MSB),  then  the  following  data  bus  assignments  are  true: 


DB 

5 
3 
2 

6 


FFM  SiGNAL 

(Monitor  mismatch) 
MM 

FFpE  (Pwr./Temp.  Fail) 
FF^  (CAT  II  shutdown) 
FFsa  (Shutdown  alert) 
FF_„  (Monitor  bypass) 

DT 


A TTL  logicai  "1"  loaded  into  a register  bit  will  cause  the  closure 
of  its  corresponding  relay  contacts.  Loading  of  this  input:  Sink 
1.5  ma.,  and  source  20  ya. 
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PiN(S) 

15 


ASSIGNMENT 


;1 


I 

J 


ii 


16 

17 

18 
19 


20 

21 

22 

23 

24 

25 

26 
27 


28 

29 

30 

31 


32 


DB9.  Most  significant  bit  of  8-bIt  data  bus.  A TTL  "1"  here 
would  result  in  a "I"  being  placed  In  the  MSB  of  a D/A  register. 

Loading  of  this  input:  3 pa  source  and  sink. 

Not  used. 

DB7.  See  comments  for  pin  15. 

Not  used. 

0B6.  A TTL  "1"  here  wouid  result  in  a "1"  being  placed  in  a 
0/A  register  or  the  closure  of  the  FFgy  (monitor  bypassed ) relay. 

Loading  of  this  input:  Sink  0.25  ma.,  and  source  13  pa. 

Not  used . ' 

DB8.  See  comments  for  pin  15. 

Not  used. 

DBS.  See  comments  for  pin  19>  Services  D/A  registers  as  weil  as 
FFpg  (Pwr./Temp.  Fail)  relay. 

Not  used. 

DB3.  See  comments  for  pin  19.  Services  D/A  registers  as  well  as 
FFg  (CAT  il  shutdown)  relay. 

Not  used. 

DB2.  Least  significant  bit  of  8-bit  data  bus.  See  comments  for 
pin  19.  Services  D/A  registers  as  well  as  FF-.  (Shutdown  alert) 
relay. 

Not  used. 

DBA.  See  comments  for  pin  19.  Services  D/A  registers  as  well  as 
FFj^M  (l^oi^ltor  mismatch)  relay. 

Not  used. 

Analog  voltage  output  for  DDMI . To  be  fed  to  localizer  ILS.  Output 
is  short  circuit  protected.  External  voltages  between  -10  and  +30  ^ * 

volts  may  be  accidentally  applied  to  this  terminal  without  circuit 
damage.  Output  Is  designed  to  drive  meter  circuitry  having  a DC 
resistance  of  at  least  47  K.H. 

DDM2  Analog  output  voltage.  See  comments  for  pin  31. 


33  DDM  3 Analog  output  voltage.  See  comments  for  pin  31. 

34  Not  used. 


G-2 


PIN(S) 


ASSIGNMENT 


! 35  s 36 

ll 

f. 


DOM  COM.  Reference  line  for  all  three  DOM  analog  outputs.  Is  to 
be  passed  to  localizer  ILS.  Is  tied  (on  this  board)  to  power 
supply  ground  (pins  } & k) . 

Not  used. 

Relay  contact  servicing  (Monitor  bypass  ) signal.  Is  to  be 

fed  to  localizer  ILS.  Contact  current  between  this  pin  and  "relay 
common"  (pins  A?  & ^8)  cannot  exceed  0.5  amp.  Voltage  between 
contacts  cannot  exceed  100  VOC. 

Relay  contact  servicing  FF--  (Pwr./Temp.  fall)  signal.  See 
comments  for  pin  l»l. 

Relay  contact  servicing  FF  (Monitor  mismatclj  signal.  See 
comments  for  pin  41. 

Relay  contact  servicing  FF^  (CAT  II  shutdowr)  signal.  See 
comments  for  pin  41. 

Relay  contact  servicing  (Shutdown  alert)  signal.  See 

comments  for  pin  41. 

Not  used. 

FFM  COM.  All  relays  have  a single  contact  tied  to  this  pin. 

Is  to  be  fed  to  localizer  ILS. 

Not  used. 
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APPENDIX  H 


AD7522  D/A  CONVERTER 
CODE  MEANING  AND  POT  ADJUSTMENTS 

The  conversion  scheme  carried  out  by  the  AD7522,  and  Its  associated 
operational  amplifier  circuitry,  Is  as  according  to  the  following  table. 

Here  we  assume  that  both  associated  potentiometers  have  been  pre-adjusted  as 
described  below. 

DATA  BUS  WORD 


DB9 DB2 

DOM  OUTPUT 

1II1II1I 

-1 .016  volts 

(—1 .024+0.008) 

I11IIII0 

• 

-1 .008  volts 

• 

10000001 

-0.008  volts 

10000000 

0.0  volts 

01111111 

• 

+0.008  volts 

• 

00000001 

I.0I6  volts 

00000000 

1 .024  volts 

Thus,  conversion  to  this  code  from  sign-plus-magnitude  format  could  be  carried  j 

out  as  follows.  I 

1.  If  the  S + M word  is  negative  (MSB  ■ ”1"),  Its  value  may  be  fed  to  the  ] 

AD7522  directly.  | 

■j 

2.  If  the  S + M word  Is  non-negative  (MSB  ■ "0"),  subtract  Its  value  ’ 

from  10000000  using  8-bit  arithmetic.  The  result  may  then  be  passed  1 

to  the  AD7522.  Example: 

i 

10000000  j 

-00010111  (S  + M format)  I 

0H0)00l  (feed  to  AD7522)  | 


Note  that  S M format  contains  two  representations  for  zero:  j 

00000000  and  10000000.  Thus,  one  code  has  been  wasted.  This  turns  1 

out  to  mean  that  full-scale  positive  at  the  DDM  output  will  be  1.016 
volts,  even  though  the  1.024  volt  state  is  available  from  the  AD7522. 


H-l 


To  set  the  gain  (and  Indirectly  the  zero  position)  of  an  AD7522  section, 
carry  out  the  following  procedure: 

1.  load  the  OAC  register  with  llllllll  (all  ones).  Then,  using  a digital 
voltmeter  tied  to  the  ODM  output,  adjust  potentiometer  "P-"  until  this 
output  reads  -1.016  volts. 

2.  load  the  DAC  register  with  00000000  (all  zeros).  Then  adjust  potenti- 
ometer "P+''  to  obtain  1.024  volts  at  the  DOM  output. 

The  DAC  register  may  now  be  loaded  with  10000000.  The  DDM  output  should  be 
within  2-3  millivolts  of  zero. 

When  loading  the  DDM  output,  bear  In  mind  that  this  output  has  a 100  ohm 
output  resistance. 
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APPENDIX  I 

QUICK-CHANGE  BOXES  AT  FIELD  UNITS  AND  THE  ATCT 

The  quick-change  boxes  enable  the  ILS  signalling  system  to  be 
operated  either  under  the  Purdue  tone-signalling  system  or  under  the 
original  DC-signal  I Ing  system.  The  basic  philosophy  of  the  system  Is 
shown  in  Fig.  I**l  . The  quick-change  block  physically  switches  all 
lines  used  In  either  signalling  system.  This  Includes  maintenance  monitor 
signals  because  they,  too,  use  a power  supply  within  the  ILS  as  one 
of  their  burled  cable  lines.  Therefore,  these  lines  must  also  be 
switched  to  Insure  complete  isolation  of  the  ILS  when  operating  under 
the  Purdue  tone  system. 

Figure  l'*2  shows  the  quick-change  box  set-up  at  a field  unit 
location.  The  Telco  box  lines  are  tied  to  the  male  connector  shown 
In  the  figure.  The  ILS  equipment  and  the  Purdue  equipment  each  have 
lines  going  to  their  respective  female  connectors.  Physically 
reswitchIng  the  male  connector  to  the  proper  female  connector  will 
complete  the  desired  signalling  system  circuit  and  completely  Isolate 
the  other  signalling  system  from  transients  entering  through  the  Telco 
I ines. 

The  setup  at  the  ATCT  is  similar  to  the  one  at  a field  unit.  There 
are  six  connections  to  switch  at  the  ATCT  quick  change  box  to  duplicate 
the  switching  done  at  the  field  units.  This  Is  accomplished  with  a male 
connector  and  two  female  connectors  per  field  unit  so  that  a field  unit 
may  be  operated  on  either  tone  or  DC  signalling  Independent  of  any  other 
field  unit. 
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The  maintenance  monitor  signals  and  DDM  signals  are  hard-wired  to  the 
tone-signalling  system  and  cannot  be  easily  changed  back  to  the  DC  system. 


This  decision  was  made  with  the  approval  of  representatives  of  the  FAA, 
NAFEC,  and  Eastern  Region  to  simplify  Installation  and  maintenance. 


"Quick-Change"  Box 


FIG.  1-2  QUICK  CHANGE  BOX  SET-UP  AT  A FIELD  UNIT 
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Barrier  Strip  Coimions  Mounted  Inside  Signal  I no  Drawer 

1 

Terminals  1-2  are  tied  together  and  provide  a status  signal  common  for 
various  Purdue  relay  cards: 

R0-TS2  (3-10) 

R1-TS2  (3-10) 

R2-TS2  (3-10) 

R3-TS2  (3  only) 

R4-TS2  (3-10) 


Terminal  3 and  4 provide  localizer  maintenance  monitor  common  to  the 
fo1 lowing: 

R5-TS2  (3-10) 

R6-TS2  (3-10) 

R3-TS2  (4  only) 

R7-TS2  (8-10) 


Terminal  5 provides  glide  slope  maintenance  monitor  common  to: 

R7-TS2  (3  only) 

R8-TS2  (3-10) 

R9-TS2  (3-10) 


Terminal  6 provides  FFH  maintenance  monitor  common  to: 
R7-TS2  (4-7) 
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Bussing  Required  on  Relay  Cards 

TERMINALS  TO  BE  BUSSED  TOGETHER 
RELAY  CARD  NO.  ON  TERMINAL  STRIP  2 (TS2) 


R0 

3 

through 

10 

Rl 

3 

through 

10 

R2 

3 

through 

10 

R3 

none 

Rk 

3 

through 

10 

R5 

3 

through 

10 

R6 

3 

through 

10 

R7 

4 

through 

7 

8 

through 

10 

r8 

3 

through 

10 

R9 

3 

through 

10 
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Theory  of  PROH  Checksums 

The  programs  for  all  seven  computers  In  the  tone  signaling  system 
are  held  In  programmable  read  only  memories.  These  PROM's  will  normally 
hold  their  contents  Intact  for  many  years,  regardless  of  whether  or  not 
power  Is  applied  at  all  times.  It  Is  possible,  however,  due  to  electrical 
failure  for  the  contents  to  change.  The  effect  of  a change  In  memory 
could  be  varied.  It  might  have  no  effect.  It  might  change  the  contents 
of  one  of  the  display  messages,  or  It  could  cause  the  program  to  quit  working 
altogether.  Both  the  microprocessors  and  the  field  units  In  the  minicomputer 
In  the  control  tower  check  the  program  memories  to  be  sure  that  that  contents 
have  not  changed. 

This  check  Is  done  using  a conventional  error  detection  technique 
known  as  a checksum.  The  particular  computer  Involved  wtll  periodically  add 
the  contents  of  all  the  memory  locations.  The  resulting  sum,  referred  to 
as  a checksum,  should  always  be  equal  to  the  same  number.  If  It  Is  not, 
the  computer  knows  that  the  program  memory  has  changed  In  some  way  and 
signals  the  error  on  its  appropriate  screen. 

At  the  field  units,  the  microprocessor  card  which  gives  a PROM  error 
should  be  replaced  with  one  of  the  spare  cards.  The  particular  PROM 
which  has  changed  can  be  detected  by  switching  PROM's  from  a working 
microprocessor  card.  The  control  tower  program  will  Identify  which  bank  of 
PROM's  Is  In  error.  In  Alther  case,  the  offending  PROM's  should  be  returned 
to  Purdue  for  replacement. 
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NIBBLE  CHECK  SUH  ROUTINE 
To  Isolate  Faulty  PDP-11/03  PROMS 

Instructions  for  Usage 

After  manually  loading  the  check  sum  routine  starting  at  location 
200,  begin  execution  at  location  200.  At  each  program  halt,  examine  the 
contents  of  register  R3,  comparing  Its  least  significant  four  bits  (as 
expressed  In  hexadecimal)  with  the  reference  check  sums  listed  below.  Tl 
first  program  halt  yields  the  sum  for  PROM  bank  20000,  nibble  0.  The 
second  stop  will  load  R3  with  the  bank  20000-nibble  1 sum.  Successive 
program  halts  yield  check  sums  for  the  following  nibbles: 


Halt 

Number 

Bank 

Number 

Nibble 

Number 

1 

20000 

0 

2 

20000 

1 

3 

20000 

2 

k 

20000 

3 

5 

22000 

0 

6 

22000 

1 

Hare,  nibble  zero  refers  to  the  least  significant  four  bits  of  a 16-bIt 
computer  word.  Nibble  3 refers  to  the  most  significant  four  bits.  At 
aach  program  stop,  the  bank  number  of  the  next  check  sum  may  be  found  In 
register  Rl|.  The  number  of  the  next  nibble  to  be  checked  appears  In 
register  RO. 


Program  Listing  (Nibble  check  sum  routine) 


Symbol Ic 


Location 

Code 

Address 

Source 

Code 

000200 

012704 

MOV 

#20000,  R4 

202 

020000 

20A 

005000 

CLR 

RO 

206 

005003 

TOP: 

CLR 

R3 

210 

012705 

MOV 

#1000,  R5 

212 

001000 

2U 

012401 

LOOPA: 

MOV 

(R4)'*’,  R1 

216 

010002 

MOV 

RO,  R2 

220 

005702 

LOOPB: 

TST 

R2 

222 

001406 

BEQ 

DONESH 

224 

006201 

ASR 

R1 

226 

006201 

ASR 

R1 

230 

006201 

ASR 

R1 

232 

006201 

ASR 

R1 

234 

005302 

DEC 

R2 

236 

000770 

BR 

LOOPB 

240 

060103 

DONESH: 

ADD 

Rl,  R3 

242 

005305 

DEC 

R5 

244 

001363 

BNE 

LOOPA 

246 

022700 

CMP 

#3,  RO 

250 

000003 

252 

001407 

BEQ 

IS3 

254 

042703 

BIC 

#177760,  R3 

256 

177760 

260 

005200 

INC 

RO 

262 

162704 

SUB 

#2000,  R4 

264 

002000 

266 

000000 

HALT 

270 

000746 

BR 

TOP 

272 

005000 

IS3: 

CLR 

RO 

274 

042703 

BIC 

#177760,  R3 

276 

177760 

300 

000000 

HALT 

302 

000741 

BR 

TOP 

J 


Nibble  Check  Sum  Reference  Table 


Bank 

Address 


Nibble  3 
Bits  15-12 


Nibble  2 Nibble  I 

Bits  11-8  Bits  7-4 


Nibble  0 
Bits  3-0 


20000  6 

22000  A 

24000  D 

26000  2 

30000  8 

32000  A 

34000  8 

36000  5 

40000  4 

42000  0 

44000  7 

46000  7 

50000  8 

52000  F 

54000  8 

56000  4 


3 

E 

A 

D 

1 

7 
A 

8 
C 
F 
A 
E 

7 
0 
0 

8 


1 A 
9 
9 
6 
7 

2 
D 
2 
7 
0 
0 
A 
0 
7 
6 
D 
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f; 


057666 


057510 


057534 


057552 


SNOW  WHITE  PROGRAM 

Assembly  Language  Listings  of 

Program  Patches 
March,  1977 


Move  #1,  RECEVE  (RO) 

MOV  RO,  R<l 

ASL  RI 

JMP  9 #51434 


MOV  % #4254,  e #5200 

MOV  e #4212,  @ #4254 

MOV  #135,  R4 

JMP  e #24136 

DISABLE  AUTOLX  AT  THIS  PoInT 


MOV  e #5200,  § #4254 

DEC  LOGBOT 

JMP  e #24640 


CMPB  ERRTWR-1(R2),  #1 

BNE  .+6 

JMP  % #54150 

CMPB  ERRTWR-1(R2),  #13 

BEQ  .+6 

JMP  @ #54260 

JMP  @ #54150 


p 

APPENDIX  0 
MICROPROCESSOR 

CONTROLLED  ILS  COMMUNICATIONS  SYSTEM 
CHANGES  MADE  DURING  THE  WEEK  OF 
March  6,  1977 

I * 1.  Whenever  the  ATCT  u.p.  (PDP-11/03)  Is  halted,  or  powered  down,  an 

, Immediate  Indication  will  be  made  on  both  the  SP,  MM,  and  RC  (tower 

cab)  panels.  This  Is  done  by  Illuminating  all  "abnormal"  Indicators, 
j and  extinguishing  all  "MAIN",  "STANDBY",  and  "OFF"  lamps.  Of  course, 

I this  will  result  In  the  sounding  of  SONALERT's  at  both  the  SP  and  RC 

panels. 

L 

2.  Whenever  either  of  these  two  errors  occurs  at  the  ATCT: 

a)  NO  CARRIER  FROM  FIELD  UNIT 

b)  NO  DATA  FROM  FIELD  UNIT 

an  Indication  of  an  existing  serious  condition  will  be  placed  on  the 
SP  and  RC  panels.  This  is  done  by  illuminating  both  "abnormal"  Indi- 
cators, and  extinguishing  the  "MAIN",  "STANDBY",  and  "OFP'  lamps  for 
the  transmitting  field  unit  In  question. 

In  the  case  of  the  FFM  (which  Is  not  a transmitting  FU)  the  alarm 
Indication  Is  made  first  by  Illuminating  all  four  FFM-MM  lamps,  and 
second,  by  turning  on  the  four  abnormal  alarms  that  are  relayed  to 
the  localizer  ("CAT  II  SHUTDOWN  ALERT",  "CAT  II  SHUTDOWN",  "MONITOR 
MISMATCH",  and  "POWER-TEMPERATURE  FAIL").  Upon  receiving  these  forced 
alarms,  the  localizer  will,  of  course,  shut  down. 
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